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The man on the job wants a 
RUGGED CUTTING TORCH 


VICTOR Models CTS400 and 1400 with 
stainless steel head and tube assemblies 
meet the challenge. They cut longer and 
stand up better with a minimum of main- 
tenance costs. Mixer and mixer tubes of 
special heat resistant copper alloys prevent 
overheating. VICTOR’s famous Spiral 
Mixer thoroughly mixes the preheat gases 
for safe, efficient and economical operations. 


SS 


The stainless steel head 
and tube assembly is a 
single unit available with 
either 90° or 75° head. 
Uses standard VICTOR cutting tips. 


Try it on heavy scrap cutting as shown 
here. Ask your VICTOR dealer for a dem- 
onstration NOW. 


LOOK FOR THE VICTOR 
DEALER SIGN! 


Ask him to show you why 
it costs less to own and 
operate VICTOR. 


Dealer inquiries invited. 


EQUIPMENT 


3821 Santa Fe Ave. 844 Folsom Street 1312 W. Lake St. 
LOS ANGELES 58 SAN FRANCISCO 7 CHICAGO 7 
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If you'll just compare a 
Hobart Gas Engine Drive DC 
Arc Welder with any other 
machine on the market — you'll 
quickly see why it is better 
equipped to give you the 


lower costs and constant 


performance so 
essential to 
profitable production 
welding. Mail 
coupon today for 
full details. 


HOBART BROTHERS COMPANY, Box W-102,, TROY, OHIO 


“One of the world’s largest builders of are welders” 


Rugged construction . . . trouble- 
free service .. . long life .. . extra 
capacity ... simplicity of operation 

. . all of these are yours with the 
Hobart Electric Drive DC Arc Welder. 
Prove its value... TRY IT YOURSELF. 
The coupon will bring you 
full details. 


While attending the 
METAL SHOW 


make 
your headquarters 


for Arc 
Welding Equipment 


Hobart Welder Sales Co. 
3908 Lancaster Ave. 
Phone EV. 2-4988 


HOBART BROTHERS PANY, BOX WJ-102, TROY, OHIO 


Without obligation, send me in ation on items checked below Send me 


Gas Drive Welder Electric e Welder Pipeliner Welder Welder Catalog 
NAME POSITION Electrode Catalog 
FIRM Fs Accessory Catalog — | vas 


Now te get 


ADDRESS _ 
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BUTTERING WAS THE ANSWER! 
Saved costly casting... 


allowed use of low cost rods 


Need for complete re-making of a 
large, costly composite machine frame 
threatened a prominent Western min- 
ing equipment builder. Weld metal 
was picking up harmful impurities 
from the cast part—it was impossible 
to obtain satisfactory welds using the 
electrodes specified. 

The local M&T salesman joined with 
company welding engineers .. . cz- 
perimented . . . and sparked a solu- 
tion! On his advice surfaces of the 
casting where welding was required 
were simply “buttered” with Murex 
Type HTS before the bulk of the weld 
metal was deposited. 

Results were: complete elimination 
of pickup so that remaking of the 
casting to new metallurgical specifica- 
tions became unnecessary. And, the 
specified electrodes, on hand for the 
job, could be used. 


Your nearby M4T representative is qualified to 
give you expert assistance on any welding prob- 
lem. Call on him when you need help. Make 
use of his broad background of experience in 
every phase of welding. 
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L METAL & THERMIT CORPORATION 100 east 42nd Street, New York 17, WN. ¥. 7 


Trade Mark, Patent Pending 


48,000 
Spot Welds 


A well-known manufacturer of farm equipment put Mallory 
“Nu-Wrinkle” replaceable cap electrodes to work on his pro- 
duction line... got more than 48,000 welds with a single cap 
Here are the facts 


Material . 1025 Steel—Pickled 
Gauge. . 18 and 20 gauge (0.050’-0.037”" thick) 
Welding Speed, About 147 spots per minute 
Weld Time... .. 


8 cycles 
AND DRESSING TIME WAS CUT TWO-THIRDS by the 
use of the Mallory “Nu-Wrinkle Caps”. Thus the manu- 
facturer was able to save both time and money. . 
more welds per dollar. 


i 
corrgation® € 
pment € 


2. Re pailience 
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5 “Nu-Wrinkle Caps” on a Single Shank... 


Additional proof of the economy offered by Mallory 
“Nu-Wrinkle Caps” i 


is shown by the experience of 
a West Coast manufacturer who used 75 caps on a 
single shank. This is exceptional but other users 
average between 20 and 25 caps per shank 
save real money. 
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It will pay you to team up Mallory “Nu-Wrinkle Caps”, 
shanks and electrode holders . . . to count on Mallory for 
all your resistance welding needs—electrodes . . . holders 
. rod and bar stock... . 
Elkonite® 


,et details today from your distributor .. . or 
eall or write direct to Mallory. 


castings... forgings .. 


In Canada, made and sold by 


Johnson 


Matthey and Mall 110 Industry St. 
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. Toronto 15, Ontario 


P_.R.MALLORY & CO. Inc. 


SERVING INDUSTRY WITH THESE PRODUCTS: 
° Electromechanical — Resistors * Switches * Television Tuners * Vibrators 
A L L O x Electrochemical—Capacitors e Rectifiers * Mercury Dry Batteries 


Metallurgical —Contacts* Special Metals and Ceramics * W elding Materials 
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MALL@RY A 


INDIANAPOLIS 6, INDIANA 
For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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Worn Parts Rebuilt 
Economically by 
UNIONMELT Welding 


Repair of worn tractor parts is most 
practical and economical with specially 
developed fixtures on which standard 
Un1onMELT welding units are mounted. 
The metal deposited by Unionmext 
welding is so smooth that no grinding 
or finishing is required, Experience in- 
dicates that resurfaced areas will wear 
as long as new parts. 

The Berkeley “Conservall” fixture is 
designed especially for rebuilding 
crawler tractor track links or rails with- 
out disassembling them. The track is 
placed in a trough and clamped in po- 


sition. A Lixpe side-beam carriage 


Tractor rail links rebuilt in “Conservall” 

machine by welding, Cams 

automatically control welding action for 
each link. 


moves the UN1ionMELT welding 
equipment over the positioned track 
and the welding of each link is auto- 
matically started, stopped, and ac- 
Rollers, 
sheaves, and other circular work can 


curately controlled. idlers, 
also be welded or resurfaced on an- 


other section of the machine. 


The terms “Linde.” “Oxweld,” 


The “Leader” machine is also avail- 
able for rebuilding both cylindrical and 
flat parts. Rollers are rebuilt on top of 
the machine. Larger parts, such as 
idlers, are mounted in the chuck at the 
side of the machine as shown. With the 
flat work attachment, parts such as dis- 
assembled track rail links, grousers, 
bulldozer blades, end bits and fabri- 
cated members can be resurfaced 
easily. This attachment is operated by 
a gear which is mounted in the chuck. 


These tractor rollers and an idler were 
rebuilt at a speed of 30 in. per min. by 
Unionmecr welding. 


With both machines, the wheels can 
be tilted for rebuilding the flanges. It 
takes only 80 to 90 minutes to rebuild a 
D-8 track roller. 


three times as long. 


Idlers take about 


Oxwe tp 1928 rod is normally used 
in making these repairs. When wear is 
excessive, Oxwetp 296 rod is some- 
times used for the initial buildup which 
is then finished with Oxwetp 1928 
rod. For such resurfacing, use either 
Grade 80 or Grade 90 Untonnret 
welding compositions. 

For some services, a finishing pass 
with a higher alloy tube rod is applied 
to produce a harder surface. While ma- 
terial of almost any hardness can be 
applied, one combining hardness and 
toughness lasts longer than one of 
higher hardness that tends to spall and 
chip. As deposited, OxweLp 1928 ma- 
terial has a hardness of about Rock- 
well C-25, but in service the working 


surfaces actually develop properties 
which cause them to outwear depx »sits 
that are substantially harder. 


Advantages of 
UNIONMELT Build-up 


UNIONMELT welded resurfacing is 
especially attractive with these auto- 
matic machines which readily permit 
deposit rates of 20 Ibs. per hour. Sav- 
ings in time and the advantages of a 
‘smooth uniform deposit justify the ini- 
tial investment in automatic equip- 
ment. Important in these times is the 
conservation of metal realized with the 
process. The use of approximately one 
hundred pounds of weld metal saves 
replacement of 2,000 to 3,000 pounds 
of new parts. 

Linpe’s engineers and technicians 
will be glad to give further information 
welding. Tele- 


about 


phone or write today. 


Unionsient welding head on “Leader” fix 
ture rebuilds rollers and idlers. Rollers are 
welded on top of the machine, idlers at the 
side, and flat parts, depending on their 
size, can be welded on top of the machine 
. or in the flat work attachment. 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street Wew York 17, N.Y. 
Offices in Other Principal Cities 
In Canada: Dominion Oxygen Company. Limited, loronto 


and “Unionmelt”™ are registered trade-marks of Union Carbide and Carbon Corporation 
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This large diameter Hydrafuge gives all of the 
advantages of welded construction. A sound weld 
... in less time, with less trouble . . . means 

more production at less cost. It’s done with 
Ni-Rod “55”, the ideal electrode for welding 
Ductile Iron to steel pipe. 


: UCTILE IRON is a new type iron... with 
greater toughness, higher tensile strength 
and better weldability. 

"| The commercial types (with tensile 
strengths ranging between 65,000 and 105,000 
psi) can be readily welded to each other or to 
dissimilar metals such as carbon steel or alloy 
steels. 

How? With Ni-Rod “55"® ... the recommended 
electrode for any Ductile Iron welding job. 

And for the best weld here’s the procedure: 
clean off all oil, grease and dirt. Grind off “skin.” 
Bevel edges. Pre-heat to about 600° F. when 
pressure-tight joint is required. Weld with lowest 
possible current that gives smooth operation. 

For welding in flat position, 3/32” electrodes 
take 60-70 amps, 1 8” take 90-100 amps, 5 32” 
take 120-130 amps, 3 16” take 140-150 amps. 
Lower currents for out-of-position welding. 

Heating should not be concentrated in one 
area. Use intermittent bead method to heat 
evenly. Peen gently with a round-nosed tool. 
Then cool off weld area slowly by covering with 


asbestos or other insulating material. 

A sound weld? Yes... just as sound as the 
Ni-Rod “55” weld on the Hydrafuge Casting 
shown above. In this case the ability of Ni-Rod 
“55” to produce a solid joint between Ductile Iron 
and carbon steel made available all of the advan- 
tages of welded construction. 

Do Ni-Rod “55”’s weldability and Ductile 
Iron’s engineering properties offer an opportunity 
to improve production (or repair, or salvage) in 
your plant? Then consult INCO’s Technical Serv- 
ice Section. They will be glad to help with any 
questions you may have about welding Ductile 
Cast Iron. 


It will also pay you to anticipate your 
needs for Ni-Rod “55” and the other 
Nickel and Nickel Alloy products. To- 
day’s defense demands mean extended 
deliveries. So always order well in 
advance of work schedules. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


Wall Street, New York 5, N. Y. 
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echnical Aspects of Soldering Practices 


® Fundamental properties of solder alloys and methods 
of applying them efficiently at modern production speeds 


by Robert M. MacIntosh 


INTRODUCTION 


NE of the most common ways to join metal parts 
solidly is to solder them. This operation hardly 


needs definition since practically everyone has seen 


sections of tinplate or electrical connections or 


lead pipes soldered together. 

The process of soldering is relatively simple, but it 
requires considerable skill and ingenuity to produce a 
joint of optimum properties. A thorough knowledge 
of the fundamental properties of solder alloys and meth- 
ods of applying them is needed in order to use solder 
efficiently at modern production speeds. 

Soldering Is broadly recognized as the process where- 
by a metallic substance of lower melting point than the 
metals to be joined is made to flow between metal sur- 
faces which remain unmelted but are solidly united 
when the joining metal solidifies 

The soft solders, mainly the tin-lead solders, are used 
at temperatures of 400 to 700° F 
taining cadmium, zine or silver are classed as soft sol- 


A few solders con- 


ders. 

Soldering operations are limited to the joining of 
metals where the major requirement is sealing and 
solidifying the assembly and the minor requirement is 
high joint strength. 

The essential feature of a good soldered joint is that 
each of the joined surfaces is wetted by a film of solder 
and that the two films of solder are continuous with the 
solder filling the space between them. The films are 


Robert M. MacIntosh, Chemical Development, Tin Research Institute, 
Ine., Columbus 1, Ohio 


Scheduled for presentation at the Thirty-Third National Fall Meeting 
AWS, Philadelphia, Pa... week of Oct. 20, 1952 Closing date for discus- 
sion Dec 5, 1952 
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formed by intermetallic combination and to some extent 
by adhesive forces. These films can only form on a 
clean or oxide-free surface 

The practical considerations involved in the develop- 
ment of good soldering techniques are discussed in this 
paper. Attention is given to the selection of the correct 
solder composition for a specific application and to a 
discussion of the heating methods available. Equal 
attention is given to surface preparation, to design and 
assembly, and to special techniques for the hard-to- 
solder metals 

The technical aspects of soldering considered in this 
paper emphasize the advantages of soldering over other 
methods of joining. Fabrication at low temperatures 
is often the most convenient, the most simple and inex- 
pensive method of joining a single article or for quan- 
tity production. 


BASIC STEPS IN SOLDERING 


The selection of the soldering process over other meth- 
ods of joining metals is usually based on the ease of 
application to comparatively thin parts. The selection 
also rules out large joints of great strength and joints 
to be used near the melting range of solders 

Joining by soldering can be a successful process if all 
of the factors involved are carefully considered in step- 
wise order. The factors of most vital interest are: 


\. Soldering Processes and Equipment 
A brief description of heating methods and 
equipment commonly used in soldering 
B. Influence of the Basis Metals 
A discussion and comparison of the base 
metals with respect to ease of solderability 
C. Properties of Solders and Soldered Joints 
1. Constitution of Solder Alloys 
2. Wetability and Intermetallic Growth 
3. Composition of Solders 
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D. Fluxes and Atmospheres 
A discussion of corrosive and noncorrosive 
fluxes. 
Joint Design 
Fk. Precleaning and Surface Preparation 
G. Assembly 
H. Soldering Techniques 
A complete discussion of heating methods 
used in soldering processes. 
Postsoldering Operations 
1. Cooking the Joint. 
2. Removal of Flux Residue. 
J. Inspection 
|. Nondestructive Examination. 
2. Destructive Testing 
Kk. Soldering the Individual Metals 
1. Carbon and Low-Carbon Steels. 
2. Stainless and Alloy Steels. 
3. Cast Iron 
4. Copper. 
5. Copper Alloys 
(a) Brass 
(b) Bronze and Gunmetal. 
(c) Aluminum and Silicon Bronze. 
(d) Beryllium-Copper 
6. Nickel and Nickel Alloys. 
7. Lead and Lead Alloys 
8. Aluminum. 
9. Electroplated Coatings. 
(a) Tin. 
(b) Cadmium 
(ce) Niekel and Chromium. 
(d) Silver. 
(e) Zine Plating and Galvanized Iron. 
(f) Tin-Zine and Tin-Nickel Plating. 
L. Appendix 
1. Solder Specifications. 


2. Manufacturers’ Data. 
3. Tables. 
M. Reference 
4. SOLDERING PROCESSES AND 
EQUIPMENT 
General 


The practical methods of soldering in common use 
may be divided into nine processes as follows: 


1. Soldering with the Copper Bit. 
2. Soldering by Torch or Flame. 
3. Hot Plate Soldering. 

4. Induction Soldering. 

5. Dip Soldering. 

6. Electrode Soldering. 

7. Resistance Soldering. 

8. Spray Soldering. 

9. Supersonic Soldering. 


Whatever the process used, the solder metal is non- 
ferrous and has a melting point below 700° F. 


Soldering with the Copper Bit 


This method is the most common means of soldering 
The bit may be electrically heated, or be heated by a 
burner built into the iron, or be heated externally by 
means of a furnace or torch. 

The size and shape of the bit must be chosen with 
respect to the work which is to be done. The heat 
source should be easily controlled so that the bit is held 
at the proper temperature. 

The soldering bit, usually hand operated, may be held 
stationary or it may be part of an automatic soldering 
Figure | shows the construction of a typical 


machine. 
soldering copper bit. 


Special Heat-Treated iOne-Piece Steel \Element| Device 
i ir le] | Assembly | | ord 


Chrome Nickel 
Non-Onde Set Heating Flame [Asse 
Copper Tip |Screw Surrounds Copper Tip | aut 
Fig. 1 
SS2 MacIntosh 
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The electric soldering iron 
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Soldering by Torch or Flame 


The torch method is one of the fastest means of ap- 
plying heat. The fuel used may be any combination of 
air, gas, oxygen or acetylene 

For manual torch soldering, the torch may be 
equipped with single or multiflame tips. Machine oper- 
ations can be set up with one or more flames and may be 
designed to move the work or the torches or both. 

The torch is useful in heating objects too large for the 
bit, or to concentrate heat at one particular part of a 
complicated assembly. 


Hot Plate Soldering 


Furnace soldering or hot plate soldering is used ex- 
tensively where the parts to be soldered can be assem- 
bled with the solder preplaced near or in the joint. The 
process is particularly applicable for high-speed pro- 
duction work. 

The solder may be in any shape or form to suit the ap- 
plication. Fluxing of the joint is essential and a non- 
oxidizing atmosphere may be used. 

The furnace should have time and temperature con- 
trols. The work may be placed in the furnace singly, in 
batches or on a continuous conveyor. 


Induction Soldering 


The heat necessary for soldering by induction is in- 
duced in the joint by eddy currents when the parts are 
placed in or near the high-frequency coil. Close con- 
trol of temperature without risk of local overheating 
gives this method special merit. 

The solder and flux in any suitable form are pre- 
placed. Batch or continuous operation on belts or ro- 
tating tables can be done equally well. Careful design 
of the joint and the coil setup are necessary to avoid 
shielding the work from the energizing coil. 

The three common sources of high-frequency current 
used for induction soldering are the motor-generator, 
resonant spark gap and vacuum tube oscillator. 


Dip Soldering 


Dip soldering comprises the immersion of the article 
in a bath of molten solder. The method is usually ap- 
plied to the joining of thin sheet metal where clearances 
are small and where large fillets are not required, as for 
example, copper radiators. 

The size of the bath is determined by the size of the 
articles, the depth they are submerged and the amount 
of heat abstracted by the article. Automatic means 
of replenishing the solder can be used. 

Solder baths are equipped with temperature con- 
trols. Operation of the process of fluxing and dipping 
can be manual or continuous. Special precautions are 
necessary to maintain the parts in contact until the 
solder solidifies. 
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A modification of dip soldering is used in sealing the 
side seams of cans. The seam is coated with solder on 
passing over a roller revolving in a solder bath 


Electrode Soldering 


In this method, the article is jointed to one terminal 
of a low voltage supply and the soldering tool to the 
other. Heat is generated whenever the bit makes con- 
tact with the work. 


Resistance Soldering 


In resistance soldering, the joint forms a part of the 
electric circuit. Heat is brought about by the resist- 
ance at the joint when a large current is passed 

The parts to be soldered are held between two elec- 
trodes in the form of tongs or clamps. When the cur- 
rent is applied, the preplaced solder melts by local 
heating. The pressure is maintained until the solder 
solidifies. 


Spray Soldering 


Solder is applied to a prefluxed surface with a metal- 
lizing gun which atomizes the metal. It has limited ap- 
plication in autobody repair. 


Supersonic Soldering 


This method is a new development based on the 
theory that cavitation erosion of oxide films can be per- 
formed by sound waves at ultrasonic frequencies. 

The ultrasonic soldering iron generates ultrasonic 
power in the range of 16-20 kc/sec by means of a mag- 
netostriction unit. The method is adaptable only to 
small units and is specifically designed for soldering 
aluminum, 


B. INFLUENCE OF THE BASIS METALS 


The composition of the base metal has a considerable 
influence on the choice of soldering process and also in 
the choice of solder and flux used. 

Copper, bronze, iron and unalloyed steels can be 
joined successfully with any type of tin-lead solder. 
Because of the incompatibility of tin and zine in solder, 
brass is one of the less easy materials to solder. For the 
same reason antimonial solders are not recommended 
for brass because of the affinity of the antimony and the 
zine contained in the brass. The main difficulty in 
soldering brass is that the solder becomes contaminated 
with zine compounds which render the joint brittle. 

The alloyed steels, those containing considerable 
amounts of chromium, nickel, manganese, molybdenum, 
tungsten and vanadium, can be soldered, but special 
cleaning methods and strong fluxes are necessary to 
remove surface films of oxide which prevent action 
between the steel and the tin in the solder. 
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Aluminum and silicon bronzes and beryllium-copper 
oxidize superficially when exposed to air and the oxides 
are hard and infusible. Where possible, the acid type 
fluxes are applied as soon as the refractory oxides are 
removed by mechanical abrasion. 

The soldering of aluminum is difficult because there is 
no flux capable of removing, at ordinary temperatures, 
the film of oxide which forms again instantaneously as 
fast as it is removed from the surface. Certain prac- 
tices of scratching the surface of the aluminum while in 
contact with solder aid in tinning the aluminum 
Ultrasonic vibration methods are to some extent success- 
ful. Special high tin-zine alloys are of most value in 
joining aluminum. 

Soldering of zinc-base die-castings is subject to dan- 
ger of contamination of the zine base since both tin-lead 
and cadmium-zine solders tend to diffuse in the zine. 
Zinc-base die-castings should be given a heavy electro- 
plate of nickel or tin-nickel before attempting to solder. 

Articles plated with tin, tin-zine and tin-nickel are 
easy tosolder with mild fluxes. Such coatings are advo- 
cated to assist in the soldering of difficult: metals. 
Silver and cadmium plated articles are readily soldered 
although the latter may require a hotter iron. Gal- 
vanized iron is ore of the most difficult metal surfaces to 
solder. Treatment of the zine surface with free hy- 
drochloric acid is the only available method for prepar- 
ing the joint for soldering. 

An important factor in joining metals often not given 
attention is the possibility of galvanic corrosion. ‘Two 
metals that are far apart in the galvanic series of metals 
may be subjected to galvanic corrosion. This factor is 
important in selecting the best solder for maximum 


corrosion resistance, 


C. PROPERTIES OF SOLDERS AND 
SOLDERED JOINTS 


Constitution of Solder Alloys 


While the composition of a soft solder.is defined in 
percentage of tin, lead, antimony, etc., and impurities, 
the physical structure, as regards melting and solidify- 
ing, is most easily indicated by the equilibrium dia- 
gram (Fig. 2). 

Mixtures of tin and lead have their melting range 
indicated by the lines AF and EB. — E is the point of 
main interest because it indicates the composition 
known as the eutectic composition, 63% tin, remainder 
lead. The eutectic composition is the only composition 
of pure tin and lead which transforms sharply from 
liquid to solid state without passing through a pasty 
state. 

The diagram shows that tin-lead alloys containing 20 
to 97°; tin, with the exception of the eutectic mixture, 
pass from the solid state to a pasty state when they are 
heated to a temperature of 361° F. The proportion of 
eutectic for each solder composition is in the ratio of the 
distances RC to the distance RE shown on the curve. 
That is, the eutectic portion of a solder rises to 100 
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TEMPERATURE DEGREES C 


Fig. 2 Equilibrium diagram of the tin-lead alloys 


at £ and falls away in direct proportion until at C (and 
D) there is none present. 

In the pasty range, they are devoid of strength and 
even at 100° F below the eutectic melting point, solders 
are only half as strong as at room temperature. For 
that reason, it is necessary to avoid straining soldered 
joints before they have had time to cool. 

The plastic range of a solder, therefore, has a direct 
influence on the soldering temperature and on the speed 
at which the soldering operation can be carried out. 
For fast soldering, the 60/40 alloy melts most quickly 
and sets solid most quickly and is the choice over the 
10/60 alloy which has a plastic range of almost 100° F. 

To get practical speed and a good joint, it is common 
practice to solder at a temperature of 100-150° F above 
the actual liquidus of the alloy used. 


Wetability and Intermetallic Growth 


An indispensable property of soft solders which has 
given them a wide range of adaptability is their ready 
adherence to the surface of other metals. This appears 
to be due largely to the ease with which molten tin wets 
other metals. This property is usually associated with 
a slight alloying action. Metals are easily wet by 
solder if intermetallic compounds are readily formed 
between some constituent of the solder and the metal 
parts being joined. Actual penetration of the joint 
members by molten tin to an extent that is detectable 
may seldom occur, but the best joints are those where 
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conditions are favorable for a very slight alloying ac- 
tion. Thus, it is impossible to get sound, strong joints 
between metals with pure lead because lead does not 
readily alloy with the base metal. Even a small 
amount of tin added to lead causes wetting of the joint 
and a far different effect. is obtained. 

In the case of steel and copper, the intermetallic com- 
pounds consist principally of FeSne and of CugSns, re- 
spectively. The intermetallic compounds are ex- 
tremely hard and brittle; they are relatively easy to 
break by shock or by tearing forces, but they are 
usually quite strong when tested under steady tension 
or shear. Thick alloy layers are weaker in tearing tests 
than thin layers, and for that reason the alloy layers 
should be as thin as possible. This is accomplished by 
soldering as quickly as possible and at the lowest possi- 
ble temperature. 

Controlled alloy formation in a joint between copper 
members improves the creep resistance but it renders 
the joint more susceptible to fracture by shock or tear- 
ing. The rate of alloying at the surface of steel or iron 
is much slower and the effect on joint strength is of Jess 
importance. On brass surfaces, the zine in the brass as 
well as the copper reacts with the tin in the solder. 
Thus, the shear strength of soldered brass joints is 
rather less than those of copper. 

Soft solders are not satisfactory for joints subjected 
to any appreciable stress, and good design demands in- 
terlocking seams, crimping, riveting, ete., to aid in 
strengthening the joint. Strength also varies with the 
type of joint, the joint thickness, temperature and 
duration of soldering. Short-term tensile strengths 
range from 3700 to 6800 psi; under continuous load the 
tensile strength is about 300 psi. 


Composition of Solders 


Typical soft solder compositions are given in Table 
3 (Appendix). The three grades most generally used 
are 40/60, 50/50 and 60/40, the first figure referring 
to the percentage of tin, the second to lead. Lower 
compositions of tin-lead are used for specific applica- 
tions; the 35:65 alloy is widely used in the plumbing 
industry, the 2:98 alloy is exclusively used for sealing 
the reinforced side seam of the food can (Fig. 3). 


Fig. 3 Cross section of can side seam 


The experiences with substitute solders of low tin con- 
tent have been disappointing because of the frequency 
of defective joints. The high-tin solders (40-60°; 
have four outstanding properties: 

1. Low liquidus. 

2. High wetting power. 

High capillarity. 
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!. Shorter freezing and cooling range with greater 
probability of getting sound joints. 


In addition to pure tin-lead solders, small amounts of 
other metals are added in order to secure increased 
strength and hardness and for use at temperatures 
above or below room temperature. 

A lead-free alloy of 95 tin : 5 antimony is frequently 
used in soldering electric commutators, oil coolers, ete., 
and retains its strength well up to 390° F (200° C) 
The addition of silver to tin (3.5°)) is made to raise the 
tensile strength, corrosion resistance and conductivity. 

Other types of solder include lead-silver, bismuth- 
lead-tin, indium-lead-tin, cadmium-silver and cadmium- 
zine. The bismuth containing solders have shown bad 
cooling characteristics and are subject to both “hot 
shortness” and ‘“‘cold shortness.” 

Solders which must be exposed to extreme cold should 
contain more lead than tin and should have an antimony 
content of not less than 0.5°7. The general effects of 
cold on the mechanical properties of tin-lead solders are 
an increase in hardness, improved electrical conductiv- 
ity and a tendency to lower the impact strength 

Impurities other than those metals intentionally 
added are held to a minimum by reliable solder manu- 
facturers. In particular, zine and aluminum are detri- 
mental and should not be in excess of 0.001). The 
amounts of iron, copper, nickel and arsenic that will be 
tolerated are covered by specifications given in the ap- 
pendix. 


D. FLUXES AND ATMOSPHERES 


The efficiency of the soldering operation is dependent 
on the chemical cleanliness of the surfaces of the base 
Metals, whether solid or 
liquid, become coated with a film or oxide. This pre- 
\ solder- 
ing flux, solid, liquid or gaseous, is used for this purpose. 


metal and the molten solder. 
vents proper bonding and must be removed 


The function of a flux is to keep all of the reacting 
surfaces chemically clean until the base metal and the 
solder are united, The flux must be able to react with, 
dissolve or remove oxides; it should be a barrier to the 
reoxidation of the metal surface; it should be capable of 
being displaced from the solid metal by the liquid solder, 
(nother important requirement of a flux is that it be 
fluid below the liquidus of the solder used. 

Fluxes, In general, may be classed as lnorganic and 
organie and subdivided into groups of which typical 
members are listed below: 


I. Inorganic Fluxes 

Acids 
(a) Hydrochloric (muriatic). 
(b) Ortho-phosphoric. 
(c) Hydrofluoric. 

Salts 
(a) Zine chloride (zine and muriatic¢ acid). 
(6) Ammonium chloride (sal ammoniac 
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(a) 


(ec) Zinc-ammonitm chloride (eutectic 
mixture). 

(d) Miscellaneous inorganic halogen com- 
pounds such as hydrazine hydro- 
chloride, boron trifluoride. 

Il. Organic Fluxes 
Organic acids 

(a) Lactic acid. 

(b) Oleic. 

(c) Stearic. 

(d) Glutamie. 

Organic halogens 

(a) Aniline hydrochloride. 

(b) Glutamie acid hydrochloride. 

(c) Cetyl pyridinium bromide. 

(d) Ethyl dimethyl cetyl ammonium- 
bromide. 

(e) Cetyl trimethyl ammonium-bromide. 

Amines and amides 
Urea. 
(b) Ethylene diamine. 
Rosin fluxes 


(a) Rosin. 
(b) Special patented rosin-base fluxes. 
(ce) Activated rosin. 


The imorganice acids and salts are corrosive and re- 
juire postcleaning treatment of the soldered part to 
Temove flux residue and condensed spray. The mix- 
Mture of nine parts zine chloride and one part ammonium 
Mhloride is both rapid and sure in eliminating oxide 
films and exposing a clean etched metal surface. The 
Imixture melts far below that of zine chloride alone and 
remains fluid at temperatures met with in soft soldering. 
)Proprietary fluxes based on zine-ammonium chloride are 
available in an endless number of compositions. 

Organic fluxes are, as a class, weaker fluxes than the 
inorganic acids and salts, and any corrosion products 
Yormed are slower in their action. The organie com- 
‘pounds are easily decomposed, yet some are quite active 
for a limited time. They are useful in quick spot 
soldering operations where they volatilize completely 
or leave comparatively harmless residues which are 
easily removed. 

Rosin, the best known and most widely used organic 
flux, is only mildly active but is unusual in leaving a 
noncorrosive residue which is nonconductive and whose 
hard shell is impervious to air and moisture. Recent 
attempts to combine the speed of an active acid flux 
with the protection of a rosin residue have resulted in a 
large class of activated rosin fluxes. Activated rosin 
fluxes, supplied as a liquid or in a solder core, are more 
active than rosin and satisfy the need for high produc- 
tion speeds. They are based on the theory that the 
activating agents are decomposed at the soldering tem- 
perature, are either inactive in the flux residue, or are 
unable to penetrate through the impervious surface of 
the rosin. Practical tests in their use are advisable 
especially when closed assemblies are to be joined. 

It is sometimes convenient to have fluxes in the form 
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of pastes. Paste fluxes can be applied easily and can be 
carried as a core in a wire of solder and applied simul- 
taneously with the solder. Paste flux is often mixed 
with powdered solder to form a soldering paste. This 
method of applying the flux and the solder is well suited 
to oven soldering and to resistance and induction heat- 
ing. 

Gaseous fluxes such as hydrogen chloride have up to 
now rather limited application because of economic 
factors involved in their use. 

A convenient summary of fluxes and their uses is 
given in Table 1 (Appendix). 


E. JOINT DESIGN 


Parts should be designed with the requirements of 
the soldering process in mind so that it is easy to make 
good joints. Hand soldering is still extensively used 
but where there is sufficient production of a unit to 
warrant development and installation of soldering ma- 
chipery, semiautomatic and automatic soldering means 
have flourished. In automatic soldering, the joint is 
usually of relatively simple design so that it requires 
little individual attention. 

Tin, lead and their alloys, the solders, are weak metals 
in comparison with steel, copper and brass upon which 
they are used. Under sustained load or stress, solders 
cannot safely withstand a load of more than about 300 
psi. Joint design, therefore, should avoid dependence 
upon the strength of the solders. Surfaces should be 
shaped so that they engage or interlock and leave the 
solder principally the functions of sealing and solidifying 
the assembly. One good example of joint design is seen 
in the interlocking joint members of a food can (Fig 3) 
which can withstand a bursting pressure from inside of 
three or four atmospheres. 

Spot welding or tacking of the surfaces before solder- 
ing to relieve stress is part of the design picture. Sold- 
ering at corners or edges where the stress is greatest 
should be avoided. In some cases, lids and ends of 
containers can be formed by stamping or pressing so 
that the soldered seam is on the side. 
stronger than lap seams. 

Joints should not be too close to insulation which 
might be damaged by heat, nor should they be placed 
close together so that there is risk of melting or weaken- 
ing the joints made earlier. 

Joint clearance is important in designing the part. 
Parts to be joined should fit closely so that the space 
between them is narrow enough to become completely 
filled with molten solder, drawn in by capillary force as 
the solder wets the metal. On the other hand, when 
there is not enough clearance between surfaces, the 
solder can not penetrate and dry joints may result at 
some points. 

In general, a clearance of from three to five thou- 
sandths of an inch is satisfactory with surfaces that have 
not been coated with tin or solder before being assem- 
bled. 


Lock seams are 


In the case of round or tubular members, this 
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TEMPORARY 
HOOK JOINT 


Fig. 4 Three types of lug joints 


When tinned metals, 
such as tinplate, are to be joined, a clearance of one 


means a clearance on the radius. 


thousandth of an inch is sufficient. 

In designing the clearance, thermal expansion or 
contraction must be allowed for, particularly if the 
metals are dissimilar. <A good rule is to allow for a rise 
in temperature of about 500° F. 
soldered seams it is advisable to specify tacking the 
surface at the middle and then at each end and at 2 or 
3 in. intervals in between; this method maintains more 
uniform temperature conditions and: reduces buckling 


For making long 


due to uneven expansion. 

The joining of lead pipes requires special designing. 
The outlet pipe is opened to form a socket of slightly 
wider angle. The spigot or inner pipe is smoothly 
tapered to fit closely at the interior end of the socket; 
this permits solder to penetrate easily but not flow into 
the pipe. 
to prevent the branch projecting into the bore of the 
main pipe. 

Three types of joints most often used in connecting 


Care is needed when fitting branch joints 


wire to lugs are the temporary hook, permanent hook 
and lap joint (Fig. 4). 

The joining of wires is illustrated in the Western 
Union splice and the Bell splice (Fig. 5). 


TEMPORARY 
HOOK JOINT 


JOINT 


WESTERN UNION BELL 
SPLICE SPLICE 


Fig. 5 Western Union splice and Bell splice 


F. PRECLEANING AND SURFACE 
PREPARATION 
One of the first and most important considerations in 
making a perfect joint is that the two surfaces are 
chemically clean, i.e., free from oxides, grease or rust. 
Methods of cleaning the surface preparatory to 
soldering may be either mechanical or chemical. Me- 
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chanical methods make use of abrasive wheels, filing, 
scratching or shaving. Shot blasting is an effective 
method as is rubbing with steel wool. Freshly ma- 
chined parts require no further preparation. 

Chemical methods involve the removal of grease with 
organic solvents or with hot alkaline detergents. Rust 
on steel or heavy oxide coatings on copper are effectively 
removed by immersion in inorganic acids. On com- 
plicated assemblies, light pickling is the most efficient 
method of surface preparation. 

A convenient and well used method of preparation for 
soldering involves precoating the surfaces with tin or 
Precoated parts simplify the 
soldering process, speeds up the operation, and usually 


with tin-lead solder. 
avoids the need for a corrosive flux. Small parts can be 
precoated in large quantities by immersion in hot tin 
or in solder of the same composition. used to fill the 
joint space. Excess solder can be removed by rotating 
in a centrifuge. 

Parts can be precoated with tin or solder by electro- 
deposition. This method is especially recommended 
for brass. Large parts are plated in conveyorized 
equipment. Small parts are better done in a wire 
basket suspended in the bath or in a rotating barrel 
suspended in the bath. The recommended minimum 
thickness of electrotinned coatings for soldering are 
as follows: 


Thickness in Inches of Electro-Tinned Coatings for 


Soldering 
Brass. 0.0005 
Copper 0.0003 
Steel 0.0002 


Difficult-to-tin metals may be given an _ electro- 
deposited coating of copper, iron, silver or tin-zine if 
preferred. All of these coatings facilitate soldering. 


G. ASSEMBLY 


Proper means of securing parts firmly together during 
the soldering operation and subsequent cooling are es- 
sential. 

For occasional work, parts can be bound together 
with wire, with screw clamps, toggle clamps, pliers, 
pressing together under a weight held in a vise or by 
spring clips. Spring loaded clamps are most useful 
because they squeeze parts in closer contact as soon as 
their tinned surfaces are melted; but spacers may be 
necessary to provide the proper clearance for penetra- 
tion of the solder. 

For repetition work and in automatic machine solder- 
ing, clamps, jigs, skeleton mandrels are used... They usu- 
ally conform to the following requirements: 

Be simply and quickly fixed or removed. 

Hold the parts firmly and accurately. 

Not obstruct the operator. 

Withstand repeated heating or cooling. 

Not hinder the quick heating or cooling of the 
parts. 


of 
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6. Not become tinned and stick to the article. 

In electrical resistance soldering, the clamps can also 
act as electrical connections for the heating current; 
for this purpose they must be massively made from good 
electrical conducting metal. When high-frequency 
heating is used, the clamps must be so placed that they 
do not shield the joint. 

Spot welding or tacking at a few points is a common 
method of assuring that the parts are fixed together. 
Seams of containers are then readily soldered by simply 
dipping in solder. 


H. SOLDERING TECHNIQUES 


This section is devoted to a complete coverage of the 
heating methods mentioned earlier in Section A. 


Soldering with the Copper Bit 


>? The traditional tool is the copper bit. The bit must 
“have a large heat storage capacity which is the product 
of its weight and specific heat. The weight is limited 
tby the ability of the operator to wield it and by the need 
‘to be small enough to reach the joints in confined spaces. 
Nickel, iron, aluminum and zine have thermal capacities 
per unit volume equal to silver or copper but are far in- 
erior in thermal conductivity, that is, the capacity to 
eliver heat to the job. They make poor substitutes 
or the copper bit. 
The size of the bit is determined by the rate at which 
A t has to supply heat to the work. This depends upon 
he conductivity of the metals being soldered and the 
Volume of metal within heating range of the bit while it 


aising the joint surface to soldering temperature. 


Fig. 6 Bit soldering of electrical connections on ignition 
coil base (Ford Motor Co.) 
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Fig. 7 


Soldering operation on television components 
(Radio Corporation of America) 


If continuously heated, the bit need not be massive in 
comparison with the work. 

Assistance in the selection of the size of the copper 
bit to fit the work may be found in the Appendix. 
Table 2. 

The copper bit can be electrically heated, or heated by 
a burner built into the iron, or externally heated by 
means of a furnace or torch (Fig. 6) 

The electric iron consists of a wire-wound resistance 
unit in the body which generates heat. The heat in 
turn is delivered through a conductor to the copper tip. 
In addition to the plain copper bit, special armor clad 
tips are available. A thin sheath of plated iron elimi- 
nates excessive wear, oxidation, pitting and alloying 
of the copper with the solder. 

Temperature-regulating equipment aids greatly in 
production soldering. A temperature-regulating stand 
equipped with a variable resistor allows individual con- 
trol in use and while the iron is idle (Fig. 7) 

In production soldering, devices are available which 
are treadle operated and can be had with automatic 
adjustable solder feed so that both hands may be used 
on the work. A trigger-type soldering gun is an adap- 
tation of the soldering iron. 

The function of a soldering bit is: 


1. Tostore and carry heat to the work. 
2. Tostore molten solder. 

3. To deliver molten solder. 

4. To withdraw surplus solder. 


To store and carry heat to the work requires proper 
consideration of the bit size in comparison with the 
work to be done. 
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If the bit is to act as a reservoir for the molten solder, 
the tip or face must be completely wetted or “tinned” 
with molten solder. To tin the bit, the heated iron is 
filed or cleaned free from scale, fluxed and placed in con- 
tact with solder on a tinned plate until the surface is 
solder coated. A cloth pad wipe is useful in removing 
the excess solder. This “tinning”’ is repeated whenever 
the working faces become tarnished or drossy. 

The solder when applied between the work and the 
properly tinned bit will become molten. The bit is used 
to pick up and deliver the solder evenly over the joint. 
A slow back and forth motion with a firm pressure is all 
After this initial application, a thin 


fillet is built up, and the excess solder is removed on the 


that is needed. 


iron as it is withdrawn. 


Soldering by Torch or Flame 


The torch is one of the fastest methods of applying 
heat. It provides a means of applying a high tempera- 
ture source of highly localized heat, and for that reason 
the soldered joints can be made with the minimum of 
heating of the article as a whole. Various combina- 
tions such as gas and air, gas and oxygen, oxygen and 
acetylene are used. 

The torch may be hand eperated where much de- 
pends on the skill of the operator in directing the flame 
of the right size for just the correct interval of time 
(Fig. 8). 
seams on large articles made of sheet metal. 
used in filling weldmarks and dents in automobile 


Torch soldering is especially useful for filling 
It is also 


bodies. 

Can lids and boxes of special design are soldered by 
passage or rotation between a double row of Bunsen 
type jets. The solder is sometimes applied as a pre- 
form or as a paste in flame soldering methods. 


Hot Plate and Oven Soldering 


The principle of hot plate soldering is that cleaned 
and fluxed parts, painted with solder paste over their 


adjoining surfaces, may be clamped firmly in contact 


Fig. 8 Flame soldering Brittania metal 
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and placed on a heated plate a sufficient time to allow 
the solder to run. Foil or wire preforms may be sub- 
stituted for solder paste. 

Oven soldering is similar to hot plate soldering. A 
nonoxidizing atmosphere may be used. The work, 
properly cleaned, fluxed and with the solder applied to 
or between the surfaces to be joined, is conveyed through 
an oven for an interval sufficient to melt the solder. 
Clips and jigs are essential to maintain properalignment. 


Induction Soldering 


The special merit of high-frequency heating is the 
close control of temperature which is possible without 
risk of local overheating. Local overheating may sof- 
ten, work harden or anneal adjoining surfaces and cause 
damage to the work. 

Induction soldering is particularly well adapted to 
The class of 


soldering operation especially suitable is where every- 


continuous and automatic production. 
thing is prearranged; the small assemblies, properly 
fitted, are fluxed, solder applied as paste or preform, 
and are conveyed between the high-frequency coil to 
raise the temperature of the assembly in the immediate 
vicinity of the joint to the soldering temperature. 
High-frequency current is passed through one or more 
Through 
the coil there is an intense magnetic flux. When a 
piece of metal is placed in this magnetic field, there is 
induced in it an eddy current which flows in the opposite 
These induced eddy currents flowing in the 


copper tubes provided with water cooling. 


direction. 
metal produce the heating effect. 

There are several variables which affect and may be 
The fre- 
quency can be varied, and it is possible to vary the 


used to control the intensity of the heating. 


voltage, the number of turns in the coil, the shape of the 
coil, the spacing between the coil and the assembly, or 
to vary the time of application of the energy. 

Innumerable arrangements are possible in achieving 
the passage of the assembly through the coil. If the 
job is large, the current may be applied for a predeter- 
mined time. The same may be done for a batch of 
articles. In other cases, the current is continuously 
applied and the surfaces to be soldered are moved on a 
belt at a controlled rate. Again, articles may be 
brought in one at a time on a rocary table and removed 
at fixed positions (Fig. 9). 

Coils are of an infinite variety of shapes. They are 
fitted as closely as practicable to the assembly. In 
some cases where heavy material must be joined to light 
material, external and internal coils having different 
energy inputs are used. 

Some major considerations in the use of induction 
heating for soldering should be noted. Rate of heating 
is important. Very rapid heating is possible but not 
desirable. Surface heating in the small area of contact 
is rapid, that of the screened surfaces slow. Heating 
should proceed at a speed comparable with the speed 
at which heat can flow to the other surface by thermal 
conduction. 
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Fig. 9? Induction soldering 


lux. Washers, rings, disks and foil forms of solder can 
’ be coated with flux or the flux incorporated in the solder 
core. 
’ The clips or jigs should be designed so as not to shield 
ithe work from the energizing coil. Parts should not be 
‘clamped too tightly so that all the solder is forced out. 
A clearance of 0.003 to 0.005 in. is desirable. 


Surface oxidation is avoided by protection with a 


Dip Soldering 

Dip soldering comprises a method of immersion of 
the articles in a bath of molten solder after the usual 
cleaning and fluxing treatments. The surfaces are 
wetted and wherever the interstices are sufficiently 
narrow, the solder is retained between them by capillary 
attraction until cooled when it exerts its usual adhesive 
and solidifying actions. The dipping process is con- 
fined to joining two surfaces where the clearance be- 
tween them issmall. A typical example is in the manu- 
facture of automobile radiator cores. 

The size of the bath is decided by the size of the arti- 
cles and the depth they are submerged (Fig. 10). As a 
source or reservoir of heat, the bath should be of suffi- 
cient size to minimize great fluctuations in temperature. 

It is advisable for fast working to maintain the solder 
temperature above its liquidus. i.e., 100 to 150° F above 


Fig. 10 Dip soldering (Westinghouse Electric 
20. 


the liquidus of the solder used. Excessive operating 
temperatures increase drossing, may cause distortion of 
the sample and also increase the chance of forming 
brittle alloy layers as well as causing discomfort to the 
operator. 

The operating temperature of the bath is governed by 
the composition of the solder. The eutectic composi- 
tion, 63 Sn-37 Pb, offers a low operating temperature, 
speedy wetting and penetration of joint crevices, supe- 
rior resistance to corrosion and fatigue. Solder of eutec- 
tic composition rapidly attacks copper and brass which 
may lead to contamination of the solder and give rough 
gritty coatings. The low-tin solders on the other hand 
have a high operating temperature, less rapid wetting 
ability, but have reduced action on copper and brass. 


Electrode Soldering 


In this method, the article is joined to one terminal of 
a low voltage supply and the soldering tool to the other. 
The tool consists of a carbon resistance rod which com- 
pletes the circuit so that heat is generated whenever the 
bit is in contact with the work. 

The working surface of the electrode can be shaped to 
fit the article to be soldered so that heat is applied simul- 
taneously to a joint of long length. An independent 
circuit breaker is used to cut off the heat leaving the 
tool in position and serving to clamp the work until it 
solidifies. Pliers with electrodes fitted to the jaws are 
also worked on this principle. 


Resistance Soldering 


The principle is that the heat for melting the solder is 
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brought about by the resistance at the joint surfaces 
when a large current is passed. A piece of solder foil 
or a smear of solder paste is placed between the joint 
surfaces which are pressed firmly together by spring 
clips connected to the terminals of a low voltage supply. 
When the circuit is completed, there is rapid local heat- 
ing which melts the solder, enabling it to wet the sur- 
faces; in consequence, the resistance falls and the cur- 
rent rapidly builds up until it actuates a circuit breaker. 
The heat is rapidly dissipated to the metal close to the 
joint and the solder sets almost instantly. 

Advantages of resistance soldering are the clean and 
neat appearance of the joint. The soldering operation 
is a rapid one, and several joints can be made simul- 
taneously. 
being done in the automobile industry. 


Resistance soldering of fender members is 


Spray Soldering 


Spray soldering is a limited application whereby solder 
is applied with a metallizing gun. This method is used 
for repair on auto bodies or to conceal hammer and roller 


marks before painting. 


Supersonic Soldering 


Supersonic soldering is a relatively new method 
whereby the solder is made to key or penetrate on the 
base metal by interatomic attraction. The method 
depends on the cavitation erosion of surface oxide by 
sound waves. Ultrasonic frequencies usually in the 
range of 16-20 kc/sec are used for promoting cavitation. 
The ultrasonic soldering iron generates ultrasonic power 
in this range by means of a magnetostriction unit. 
This method of soldering is especially adaptable to the 
joining of aluminum. Tinning and joining is effected 
only in the immediate proximity of the point of contact 
with the iron. 
are not within the scope of the iron. 


Long seams and large massive sheets 


I. POSTSOLDERING OPERATIONS 


Cooling the Soldered Joint 


Several factors are involved in cooling the joint to 
atmospheric temperature. If the joint is held at the 
soldering temperature, the growth of intermetallic com- 
pound into a thick layer of larger crystals aggrevates the 
brittleness of the bond. It is advisable to cool quickly 
Below the solidus for a consider- 
able range, down to 140° C (285° F) as a rule, solders 
continue to be structurally weak and liable to fracture 
from jolting or vibration. This state is called ‘‘hot- 
It is particularly noticeable with solders 


down to the solidus. 


shortness.” 
between 7 and 20% tin. 

The temperature range between the solidus and about 
140° C (285° F) should be passed through as quickly as 
possible without movement to reduce the opportunity 
for cracking. 


Metal articles soldered by hand are usually cooled 
quickly by conduction from the joint into the adjacent 
colder metal. Mechanically soldered work on moving 
belts or mandrels is cooled by an air blast or by applying 
water. From the production point of view, the aim in 
soldering is to put in just the amount of heat needed to 
melt the solder and heat the surfaces sufficiently to al- 
low penetration. 


Removal of Flux Residues 


Excess flux of the inorgauie type will cause severe 
The inorganic acids are 
Fused residues of 
They are best 


corrosion later if not removed. 
easily removed with a water rinse. 
zine chloride will cause severe corrosion. 
removed at once by washing in hot water containing a 
few drops per gallon of muriatic acid. This acidified 
water removes the white water insoluble crust of zine 
oxychloride which retards the removal of the residue 
beneath. A subsequent treatment in hot water contain- 
ing some crystals of washing soda assures removal of all 
acidie compounds. 

If the articles are allowed to stand for some hours be- 
fore rinsing, the zine chloride absorbs moisture from the 
air and in this state is more easily removed by washing 
when nonacidified water has to be used. 

Some of the organic flux residues can be removed 
simply by rinsing the part in hot water. This procedure 
is advisable unless rosin is the flux. 

tosin residues are noncorrosive and need not be re- 
moved. Methyl and ethyl alcohol, trichloroethylene, 
however, are efficient solvents for rosin if the production 
job requires a clean joint. 


Smoothing the Joint 


Solder used as body filler to smooth welded joints in 
automobile bodies requires mechanical treatment with 
a grinding wheel before painting. Articles to be plated 
after soldering may also require filing or smoothing. 


J. INSPECTION 


Inspection is the last of the basic steps in soldering. 
Methods of inspection to be employed are generally de- 
termined by the application for which the assembled 
part is to be used. In most cases inspection procedures 
are specified by the ultimate user. 

Inspection methods fall into one of two classifica- 
tions: Nondestructive and destructive. 


Nondestructive Examination 


The most widely used method of inspection is visual 
examination; comparisons are usually made with speci- 
mens which show minimum acceptable quality of the 
soldered joint. Visual inspection is a convenient 
method in production line soldering; it is often possible 
to repair slight defects with torch or iron without in- 
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terrupting production. Visual inspection under ultra- 
violet light is often used in inspecting the soldered seams 
on wax or oil filled capacitors. 

Pressure testing is necessary where gas or liquid tight- 
ness is required of a joint. Automatic air machines are 
used in can manufacture (Fig. 11); refrigerator parts are 
gas tested and joints designed for liquid tightness are 
tested hydrostatically. Test pressures are always 
greater than service pressure requirements and are 
usually specified by purchase agreements. 


Destructive Testing 


It is common practice to select a small percentage of 
all production for destructive testing. 

The peel test is generally employed for shear or lap 
joints to determine the quality of the bond and the 
appearance of voids in the joint. Sawing of the part 
across the joint and sectioning the joint under a binocu- 
lar microscope is used more widely for development 
than for production control, although selected samples 
are often tested in this way. Tension or shear tests, 
impact tests, fatigue tests, and corrosion tests are seldom 
used for quality control but they are useful in deter- 
mining causes of failure. 


kK. SOLDERING THE INDIVIDUAL METALS 


The purpose of this section ts to amplify the informa- 
tion of a general nature about each specific metal 
) covered in the article. All of the soldering processes 
? mentioned earlier can be applied to most metals, but 
tthe use of special techniques and special solders re- 
quires clarification. 


; Carbon and Low-Carbon Steels 


' Low-carbon steels can be soldered successfully with 
any type of tin-lead solder and by any of the recognized 

| processes. Provided the steel is clean and an acid type 
flux is used, no difficulties should arise. Precoating of 
steel with tin or solder facilitates soldering with non- 
corrosive fluxes. 


Stainless and Alloy Steels 


Stainless steels are soldered with more difficulty be- 
cause of their low thermal conductivity and because of 
the tightly adhering oxide film on the surface. Stronger 
fluxes such as zine chloride fortified with from 1 to 25% 
muriatic acid are necessary. Stainless steels containing 
molybdenum, titanium or columbium may require a 
flux containing a few per cent hydrofluoric acid in ad- 
dition to the zine chloride and muriatic acid. Pro- 
prietary fluxes formulated for stainless steel are avail- 
able from most flux manufacturers. Care should be 
used in handling and removing such fluxes. 

Tin-lead solders can be used successfully on stainless 
steels by using any of the customary processes. Silver- 
tin solder is sometimes used. Hand soldering requires 
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Courtesy National Can Co 


Fig. 11 Can tester. Faulty cans ejected automatically. 
Rate five cans per seco 


the use of a large bit to overcome the poor conduction of 
the heat. 

Overheating of the soldered members should be 
avoided since embrittlement of the stainless steel may 
oceur if the temperature of the joint exceeds 700° F. 
Thin gage materials should be clamped together to pre- 
vent buckling or movement of the parts. 

Precoating of stainless steel parts to improve soldering 
also applies. 


Cast Iron 


Cast iron can be difficult to solder because it may have 
an oxide skin, a smear of graphite or even minute 
particles of sand on the surface. 

Shot blasting followed by degreasing is the most 
effective cleaning process. Tinning of the surface by 
intense rubbing with the iron and with solder will aid 
in preparing the joint. Pretinning of cast iron by hot 
dipping or by electrolysis is highly recommended if a 
mild flux must be used. Repair of heavy castings re- 
quires the use of torch heating. 


Copper 

Copper parts are the easiest of the metals to solder. 
Any type of tin-lead solder is applicable, but 40-50% tin 
is most used. Cleaning the metal can be effected by 
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abrasion or by dipping in weak acids. Rosin flux is al- 
most exclusively used. Copper will dissolve in molten 
solder so that the soldering temperature and time of 


soldering should be kept to a minimum. 


Copper Alloys 


(a) Brass. Enormous amounts of brass components 
are soldered daily although the incompatibility of the 
tin in the solder with the zinc in the brass makes solder- 
ing difficult sometimes. Brass is easily abraded or 
lightly pickled to provide a clean surface. If given an 
electrotinned coating, much of the difficulty is avoided. 

Solders should contain 40-50% tin, but the solder 
should be nonantimonial with a limit of 0.5% for the 
antimony. Antimony also combines with the zinc in 
the brass to form coarse crystals that render the joint 
brittle. Rosin flux is effective if the brass is chemicaily 
clean. Acid fluxes, of course, are always effective. 
Chemically clean brass, bronze or copper can be pre- 
served with a “‘water-dip”’ lacquer coating which does 
not impair subsequent soldering. 

(b) Bronze and Gunmetal. The true bronzes contain 
only copper and tin but sometimes lead is added for 
special purposes. The bronzes solder readily with the 
higher tin solders. Solder composition of 45-60% tin 
are recommended because bronze articles are normally 
specified for arduous duties. The gunmetals contain a 
few per cent zinc, but they are readily soldered like the 
bronzes. 

(c) Aluminum and Silicon Bronze. Aluminum and 
silicon bronzes are not readily soldered unless they have 
been specially cleaned. The superficial oxide forms in 
air, and it is necessary to dip in flux immediately after 
cleaning. 

Cleaning by the Kolene Process, by sodium hydride, 
by treatment in hydrofluoric acid, or in a mixture of 
hydrochloric and nitric acids has each been advocated. 
The flux recommended consists of equal parts of hydro- 
chloric acid and zine chloride (25°% in water). Post- 
cleaning of the part is essential. 

(d) Beryllium-Copper. Beryllium-copper also forms 
hard and infusible oxide in air and requires special 
cleaning before soldering. Since beryllium-copper is 
used in the manufacture of balance wheels, springs 
aneroid diaphragms, hearing aids and Bourdon gages, it 
Beryl- 
lium-copper will not solder if plain rosin is used; rosin 
flux activated with glutamic acid hydrochloride or with 
cetyl pyridinium bromide has been successfully used. 


is important that a noncorrosive flux be used. 


Nickel and Nickel Alloys 


Nickel alloys such as Monel, Inconel, nichrome and 
nickel-plated parts cannot be soldered with plain rosin 
flux. Nickel plate and Monel solder reasonably well 
with activated rosin fluxes. The usual choice of flux is 
zinc-ammonium chloride with free muriatic acid as in 
stainless steel. The ordinary types of tin-lead solder are 
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satisfactory, but a hotter iron than is used on mild steel 


is necessary. 


Lead and Lead Alloys 


The joining of lead to lead and lead to other metals 
such as copper and brass requires a special technique of 
wiping and also requires a solder with a long pasty 
range. A solder containing about 35°% tin and 65° lead 
is employed. 

The joints are prepared so that the two ends form a 
bell and spigot which are then placed in close contact. 
The pipe away from the joint is covered with plumber’s 
black to keep the solder from adhering. The pipe in 
proximity to the joint is shaved clean and immediately 
covered with tallow. 

Two methods of tinning the joint can be used: 

(1) Blow-lamp method: The flame is played over the 
prepared area and when the surface is hot enough, a 
solder stick is applied to tin the surface around the pipe. 
Additional solder is built up and is caught on a wiping 
cloth which has been soaked in tallow and then worked 
around and around to insure an even consistency in the 
plastic mass. The plastic mass is melted off onto the 
cloth and then wiped around the pipe. The molten 
pasty solder is kept moving and the shaping completed 
before any setting is apparent. 

(2) Pot-wipe method: The pipes are assembled and 
fluxed with tallow. Molten solder is ladled or splashed 
onto the joint. The solder solidifies at first but gradu- 
ally the mass gathers heat and becomes pasty. The 
pipe becomes tinned and some fully molten solder is 
drawn into the joint by capillary attraction. 

The pasty solder is wiped around the pipe and gently 
molded into a smooth curve, the greatest thickness being 
over the junction of the pipe ends. Excessive thickness 
of the joint, however, should be avoided. At the proper 
wiping temperature (640-680° F), the solder has a 
bright metallic gleam and a creamy consistency. Poros- 
ity is guarded against by applying a layer of pasty 
solder after the wipe is made. When the surface is 
wiped, liquid solder, rich in tin, is drawn into the surface 
and fills up any pores. 

Joints in Lead-Sheathed Cables. 
splicing of lead-sheathed cables involves a combination 


The jointing and 
of two methods of soldering. The copper conductors 
are joined by sweating and the lead sheathing by wiping. 
Improvements in cable wiping techniques have indi- 
cated that small fillet wipe joints are easier to make and 
less likely to be porous. The fillet wipe uses much less 
solder and there is much less tendency to draw eutectic 
from the space between sheath and sleeve because 
thermal conduction causes rapid solidification of the 
solder at the joint. The addition of 0.1% arsenic to 
wiping solder adds to the strength of the joint. 

Pipes made of the ternary alloy of lead, 98.25% lead; 
1.5% tin; 0.25% cadmium and pipes of tellurium-lead 
or calcium-lead are soldered or joined in the same way as 
ordinary lead pipe. 
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In recent years, there has been a movement to replace 
wiped joints by plain chamfered joints having the 
mating surfaces shaped to fit with precision. 


Aluminum 


With proper materials and methods, it is entirely 
practical to join many aluminum assemblies by solder- 
ing. The size of the parts being joined is the critical 
factor. Small parts can be soldered; large parts await 
development of a practical method. 

The high thermal conductivity of aluminum (three 
times that of sheet iron) poses the problem. Small 
parts can be brought up to soldering temperature, 
roughly 550-700° F, and held there. On large parts, 
the sections adjoining the area to be soldered will con- 
duct heat away so fast that it is not possible to hold the 
working area at the correct temperature long enough to 
complete the joint. Also distortion enters the picture 
because of aluminum’s greater coefficient of expansion. 
The practical limits appear to be near a maximum of 20 
sq in. 

One method that appears to offer the most possibili- 
ties is the vibrating of the work at supersonic frequen- 
cies while making the joint. This breaks up and helps 
remove the oxide film. The power output of ultrasonic 
equipment appears to be sufficient only for small parts. 
The development of more powerful supersonic equip- 
ment may eventually overcome present size limitations. 

Special fluxes usually containing fluorides are manu- 
factured and are commercially available. 

In the friction method no flux is used. The coating of 
oxide is broken up by mechanically abrading the surface 
of the aluminum through a layer of molten solder. 
Best abrading action is obtained with a multiple- 
toothed tool such as a wire brush or hacksaw blade. 
Properly tinned aluminum surfaces can then be joined 
by sweating and pressing the surfaces together until the 
solder cools and solidifies. 

Most alloys sold commercially for soldering aluminum 
contain 70-90°% tin with the balance zinc. For many 
years, a 70 tin-30 zine has been recommended, but the 
90 tin-10 zine alloy has superior corrosion resistance 


when the joints are exposed to a humid atmosphere. 


For most parts, and especially massive parts, a torch 
is preferred using a neutral or reducing flame. Avoid 
overheating the flux. Temperatures above 750° F 
cause the flux to form a crust, and the entire operation 
may be spoiled. It is advisable also to use a solder and 
flux designed by the manufacturer to work together. 

Flux removal is vital. A recommended procedure is 
to apply a 2% solution of sulfuric acid followed by a 1° 
nitric acid solution and rinsing in warm water. 

Commercial and high purity aluminum are the easiest 
Next come the wrought aluminum alloys 
containing not more than 1°% manganese or magnesium. 
The heat-treatable aluminum alloys are more difficult. 
Soldering cast and forged aluminum parts can be done 
but is not generally recommended. 


to solder. 
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In soldering aluminum to other metals, the parts 
may be coated with tin or cadmium. An important 
factor to consider is electrogalvanic action if the parts 
are to be exposed to moisture. 


Electroplated Coatings 


(a) Tin. Tin and tin-lead plated parts are extremely 
easy to solder with noncorrosive fluxes. The thickness 
of 0.0003-0.0005 in. of tin assures good storage properties. 
The slight oxidized film which forms on long storage 
may be removed by tumbling. Water dip lacquers 
applied immediately after plating enhance storage 
properties. 

(b) Cadmium. The soldering characteristics of 
‘admium on copper or brass are about two-thirds that 
of tin using a resin-type flux. On steel, a coating thick- 
ness of not less than 0.0003 in. is usually specified. Pre- 
plating the steel with copper assists in soldering wtth 
mild fluxes. If it is permissible to use zinc chloride solu- 
tion, cadmium can be soldered readily but usually a 
hotter iron than is needed on tin is required. 

(ec) Nickel and Chromium. The flux that gives the 
best results is the ordinary zine chloride solution con- 
taining muriatic acid. The solder should contain 50 
60°% tin. 

(d) Silver. Silver plating can be soldered readily 
with the usual qualities of tin-lead solders using non- 
corrosive rosin fluxes. Thin silver coatings dissolve in 
the solder. The silver coating should be not less than 
0.0003 in., preferably 0.0005 in. thick. 

(e) Zine Plating and Galvanized Iron. The soldering 
of zine coatings is practically impossible with rosin 
fluxes. Some activated rosin fluxes have come on the 
market and have met with slight success. 

A zine chloride flux containing free hydrochloric acid 
is the most effective. 

(f) Tin-Zine and Tin-Nickel Plating. The new tin- 
alloy electroplates recently developed as corrosion re- 
sistant coatings for iron and steel are readily solderable 
with rosin or other mildly reactive fluxes. 


L. APPENDIX 


Manufacturers’ Data 


Soft solders are manufactured in an endless variety of 
forms to meet special needs and circumstances, among 
them being: 

Pig, Slabs and Ingots. Pig solder is supplied in 50- and 
100-lb lots and in slabs weighing 15 or 35 lb. Ingots 
weighing 5 and 10 lb can be produced in any desired 
analysis of lead and tin. 

Bar Solders. Regular bars—hand cast, weighing 1'/2, 
1 or '/ lb each. Capping bars—'!/, x '/, x 12 in. long, 
weighing '/: Ib. Also available in half-pound cross 
section. Meter bars—*/, x '/, x 14 in. for seam solder- 
ing gas meters. Triangular bars—14 in. long with '/,-, 
5/i- and */,-in. sides. Tinner’s bars—12 in. long, '/: to 
in. wide, '/2 in. thick. 
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Table 1—Soldering Fluxes 


Flux 
Rosin 
Activated rosin 


Tallow 


Stearic acid 


Aniline phosphate or 
aniline chloride 


Lactie acid 

Phthalic acid 

Phosphoric acid 
mixed with tallow, 
resin, ete. 

Zine chloride 


Zine chloride and HC] 


Zine chloride + HF 


Orthophosphorie acid 


Numerous proprietary 


pastes usually con- 
taining zine 
chloride 

Zine chloride and 
ammonium 
chloride 

Dilute hydrochloric 
acid 

Fused salts of zine 
chloride and 
ammonium 
chloride 


Characteristics 

Noncorrosive, non- 
conducting, non- 
hygroscopic 

Very mildly corrosive 

Mildly corrosive, al- 
most nonconduc- 
tive 

Mildly corrosive, al- 
most nonconduc- 
tive 

Mildly corrosive, 
slightly conductive 


Corrosive 


Corrosive 


Corrosive 


Corrosive 


Corrosive 


Corrosive 


Corrosive 


Corrosive 


Use 


Electrical 


Lead, brass, clean 
cc ypper 


Electrical, lead 


Electrical 


Electrical 


Iron, steel, zinc, 
copper, brass, 
bronze, terne 
and lead plate 

Stainless steel, 
nickel and 

Brasses and 
bronzes contain- 
ing aluminum, 
silicon and man- 
ganese 

High-tensile 
manganese 
bronze 


Iron, zine, copper, 
brass, bronze 


Dirty zine 


On dip pots 


Wiping Solder. 
joints. 


For plumbing, cable work and other 
Wiping solder is supplied in cakes or oval- 


shaped bars weighing 1, 2'/2 or 5 lb each. 


Auto Body Solder. 


Furnished in convenient lengths, 


s in. square, weighing 4 to 8 oz. 


Ribbon Solder. 


seams. 


widths '/s to 1 in. 


spools. 


An extruded product for laying in 
Supplied in thicknesses of '/i, to 


ie-in., in 


Available in 12-in. lengths or on 


Drop or Segment Solder. Triangular bar or wire solder 


cut in lengths or slices to make 500 pieces to the pound. 


Convenient for preplacing in accessible places. 
For use in tinning, making solder 


Powdered Solder. 


pastes or other special applications. 


Available in any 


tin-lead composition and in screen size down to 200 


mesh. 
Solder Foil. 


Foil available in thicknesses 0.00125 in. 


upward. Sheets 24 x 36 in. in thicknesses from 0.01 to 


0.10 in. 


High-Temperature Solder. 


Available in 1-, 5- and 50- 


lb wire spool of composition 95% tin, 5% antimony. 
Melting range 450 to 464° F. 


Wire Solder. 


Extruded wire starting from 0.010 in. 


diam to 0.25 in. in 1-, 5-, 20-, 25- and 50-Ib spools, avail- 


able in a wide variety of compositions. 
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Flux Cored Solders. 
binations are on the market. 


A variety of wire and flux com- 
One type has the flux 
grooves on the outside of the wire, others have more 
than one flux core. All are designed to get the flux on 
the work first and to avoid dry sections in the core. All 
cored solders are available in diameters from 0.01 in. and 
in spools of 1 to 50 Ib. 

The acid core solders are used for general-purpose 
soldering. The flux is corrosive and generally is a 
combination of zine and ammonium chlorides. These 
fast-acting flux solders remove oxides quickly to pro- 
duce a quick and lasting bond. 

The organic type core solders have corrosion charac- 
teristics intermediate between the acid type and the 
noncorrosive rosin type. The residues are easily re- 
moved with water after soldering. 

The rosin cored solders are an integral part of solder- 


Table 2—Selection of Bit Size 


A pprozi- 


mate 
Choice watts of Weight size of 
of tip electri« nonelectric 


Work to be done 
Very light radio, tele- 7/i¢ 44-52 
phone, electrie ap- 
pliance, fuses, fine 
instruments, and for 
home use 
Medium soldering on 60— 70 
switchboards, tele- 
phones, radios, elec- 
tric appliances and 
light manufacturing 
Fast soldering on ra- 85-100 1 
dios, telephones,elec- 
trical appliances, 
jewelry, ete. For 
light medium jobs 
in home, factory and 
schools 
High-speed soldering 7/5 130-150 
on radios,telephones. 
Medium light sold- 
ering on tinware, 
toy motors, type 
bars, fuses, ete., 
tinsmithing, plumb- 
ing and wiring 
High-speed soldering °/s-1 17 
on light tinware, art 
glass, tovs, small 
meta] patterns, or- 
Zan pipes, ete. 
Medium tinware, light 225-7 
roofing; gutters, 
ventilating flues; 
electrical, airplane 
and other medium 
manufacturing; ship 
repairs 
Roofing, refrigerators, 1'/s-1*/, 300-350 
copper and galvan- 
ized iron, heavy tin- 
ware, metal pat- 
terns, ship, auto and 
airplane building 
Heavy roofing and 350-650 
cornices, vats, tanks, 
ventilating flues, 
auto radiators, arma- 
ture, plumbing and 
ship building 
Extra heavy duty work 


diam, in. iron iron, lb 


» (1 Ib per pr.) 


1 (2 lb per pr.) 


’ (3 Ib per pr.) 


2 (4 Ib per pr.) 


200 2'/. (5 lb per pr.) 


to 


3 (6 Ib. per pr.) 


+ (8 Ib per pr.) 


5 (10 lb per pr.) 


2 1250 10 (20 lb. per pr.) 


Note: Above sizes of tip diameters vary according to the 
make of electric irons and size used depends upon the working 


space available. 
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Table 3—ASTM Specifications for Soft Solder Metal (B 32-49) Properties of Soft Solder Alloys 


-Nominal composition, “~— Specific —Melting ranges, ° F.— 
Tin Lead Antimony gravity* Solidus Liquidus Uses 
70 30 4 8.32 361 378 For coating metals. 
60 40 8.65 361 374 “Fine solder.” For general purposes, 
but particularly where the tem- 
perature requirements are critical 
50 50 361 421 For general purposes. Most popular 
of all 
361 441 For automobile radiator core and roofing seams 
361 Wiping solder for joining lead pipes and cable 
sheaths. For automobile radiator cores and 
heating units. 
361 General purpose and wiping solder 
361 ( For machine and torch soldering 
361 5 For machine and torch soldering 
361 f For coating and joining metals. For 
filling dents or seams in automobile 
bodies 
440+ For coating and joining metals 
514 For coating and joining metals 
518 ‘ For coating and joining metals 


Tin-Lead-Antimony Alloys 
Same uses as (50-50) tin-lead but not 
recommended for use on galvanized 
iron 
For wiping and all uses except on 
galvanized iron 
For torch soldering or machine solder- 
ing except on galvanized iron 
For torch and machine soldering, ex- 
cept on galvanized iron 
For machine soldering and coating 
of metals, tipping and like uses, but 
not recommended for use on gal- 
vanized iron 
2.5 5 57% 574 For use on copper, brass and similar 
Silver metals with torch heating. Not 
recommended in humid environ- 
ments due to its known suscepti- 
bility to corrosion 
97 15 11.28 588 é For use on copper, brass and similar 
Silver metals with torch heating 


* The specific gravity multiplied by 0.0361 equals the density in Ib/cu in. 
+ For some enginaeting dasign purposes, it is well to consider these alloys as having practically no mechanical strength at 183 C (361 F 


Table 4—ASTM Standard Solders, B32-48T* 

— ——Chemical composition, ~ 

Antimony 

Lead Class A, ‘lass B, -—Class C— 

Grade No. Ti (approx. : Min. Mar. 
No Class C 
No Class C 
No Class C 

No Class C 


2 
1 
1 


NoC 


* For elements other than those shown in the table the maximum permissible amounts are as follows: Bismuth 0.25°, copper 0.08°, 
iron 0.02%, zine 0.005%, aluminum 0,005°, others (total) 0.08%. The deviation from the nominal tin content for the alloys shown in 
the table shall not exceed 1.00% > ina composite sample of fabricate d metal or 0.50 ¢ in cast metal. 


Table 5—United States Federal Specification for Soft Solder. QQ-S-571b 


- Percentage composition* — Approrimate melting 

ead, Antimony, ——~ range, 
Grade mar. Solidus Liquidue 
Sn 7 195 5 Rem. 37 

Rem. 

Rem. 

Rem. 

Rem. 

Rem. 

Rem. 

0.2 


* For all the tin-lead solders the maximum permissible impurities are as follows: Copper 0.08, bismuth 0.25°, zine 0.005‘, iron 
0.02°,, aluminum 0. 005° >, others (total) 0.08%. 
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fi 
. 
40 
4 35 
0 
j 
el 
4 
‘ 
— 
| 
igs 40 10 60 0.12 0.50 18 24 
a ries i 35 35 65 0.25 0.50 16 0 
30 30 70 0.25 0.50 14 
a ah 25 25 75 0.50 i 5 
20 20 80 | 0.50 Os 
A 2 


Table 6—ST Soft Solders 
Spread 
Analysis by perce ntlage Tensile : : g on 
Liquidus, strength, copper, 
Tin Silver Antimony Indium Lead = psi sq in 
5.0 1.50 0.5 Bal 565 5260 0.23 
10.0 1 50 0.5 Bal 554 5335 0.28 
15.0 1.25 0.5 Bal 532 6180 0.30 3 
20.0 1.25 1.25 Bal 508 7800 0.27 
20.0 0.5 > 0 Bal. 504 $410 0.54 
25.0 1.25 Bal. 500 7100 0.29 
ST-: 30.0 1.25 0.5 Bal 482 7625 0.79 
ST-30H 30.0 1.25 2.0 Bal 475 8125 0.45 
ST-30D 30 0 : 0.5 5.0 Bal 164 4700 0.85 
Tin-lead solders 
108n-90Pb 10 sid 0.12 Bal 568 $850 0.20 be 
ic 308n-70Pb 30 0.12 Bal 195 5390 0.75 
108n-H0Pb 10 0.12 Bal 460 5660 1.30 
508n-5OPb 50 0.12 Bal 414 5790 1.23 


ing operations that demand freedom from corrosion and 
conductive flux residues. These are recommended for Table 7—Special Solders 


radio, electronic, television and electrical work. Rosin ; Vominal composition, % | 
Tin Lead Antimony Others A pplication 

tvpe fluxes used in the core can be powdered rosin, 30 70 Slip end can solder. | 2 
plastic rosin or activated rosin. The plastic rosin cored Body filler tinning § § 
solders are relatively weak in fluxing action, but protect 
the metal from oxidation during the heating. Their use 90 10 zine Aluminum solder : 
is limited to easily soldered base metals such as are = 5 375 ar ee 
found in tinplate containers and most radio and elec- 60 40 bismuth Low-melting solder : 
trical parts. Pretinning is a distinct aid. 22 Se 

The activated rosin cored solders supply a fluxing solder 
action which is more active than plain rosin but still re- ; : 
tain the noncorrosive and nonconductive characteristics 
of rosin. Most activating agents are decomposed at the ; 
soldering temperature and are either inactive in she flux 3 
residue or are unable to penetrate through the impervi- ing 2 to 3% flux are preferred for general use. ; : 
ous surface of the rosin. Activated rosin cored solder 3. Alloy Composition. The most generally useful ; ; 
satisfies the need for high production speeds. Practical compositions are found in the 30 to 60% range. Specify J 
tests should be conducted to assure that this type of the desired composition from among the possible com- 3 
solder meets the requirements for the specific applica- binations in the entire range of tin-lead alloys. 
tion. 4. Flux Core. Indicate on the order whether the : 

In ordering flux cored wire solder, the following speci- acid type, organic type, rosin or activated rosin type J 
fications should be specified : flux is required. : 

1. Strand Size. The most popular strand size ranges 5. Spool Weight. Available in 1-, 5-, 20-,25-and 50- 
from 0.040 to 0.125 in. diam. Sixty or seventy strand lb spools marked distinctly as to strand, core, alloy and ) 5 
sizes varying from 0.009 to 0.250 in. are available. flux specification. a 

- State strand size desired. : 

2. Core Size. The core size determines the ratio of a ie 
solder to flux. One manufacturer supplies six core sizes 
containing from 0.55 to 6.0% flux. Core sizes contain- Lewis, W. R., “Notes on Soldering,” Tin Research Institute (1948 


Plan—to attend the all-welding meeting and exposition 
at the famed Shamrock Hotel and connecting Hall 
of Exhibits—both fully air conditioned for your 
comfort— 


in Houston—June 16-19, 1953 
(see page 989) 


OcTOBER 1952 MacI ntosh—Soldering Practices 897 


= 


New Rules for Welding Low-Alloy Ferritic 
Pipe Material 


§ Historical background of the new rules for high-pressure, high-tem- 
perature marine piping and the principal provisions of these new rules 


by Commander Charles F. bility of both materials to graphitization, not heretofore present in pipe welding 
Perry. USCG thus necessitating the use of the more com- The Rules for Welding Carbon Stee! 
5 plex alloy steels which created problems Material were not suitable to govern the 


T IS of historical interest to note that a indidates Ta ‘ T 
the first set of Rules for Welding e——- —jndicates: Pressure _ 


Piping in Marine Construction pro- 
mulgated by the American WELDING 
Socrery, covered carbon steel and were 
issued in tentative form in April 1938. 
These early Rules consisted only of 10 
paragraphs. At the time of their initial 
publication they were used for maximum 
steam conditions aboard merchant vessels 
of about 450 psi and 750° F. Some minor 
revisions were made and the Rules re- 
printed in 1944. Further experience in- 
dicated that some relaxations could be 
made in sofar as temperatures were con- 
cerned, so in May 1948 the Rules were re- -4 FIGURE 
vised to permit increased temperatures for | SHOWING INCREASING TREND OF 
gases, vapors and liquids for piping operat- ’ | TS 8 Sots | | PRESSURES 4. TEMPERATURES 
ing at pressures not exceeding 150 pounds ; p+] +— 1 +4 OF MERCHANT ‘VESSELS 
per square inch. This eliminated the 1920 22 24 26 26 198032 84 36 90 194042 44 46 48 1950 52 
necessity for stress relieving and nondes- YEAR 
tructive tests for certain services which had 
been required heretofore, also clarification P74 
was made as to the material specifications p pe Indicates Tehparhterd 
which were to be welded under the Rules. 9 enh os Pressure 

The Rules for Welding Carbon Steel were 
again revised in 1952, and are in the proc- 
ess of being reprinted. When reissued 
the Rules will consist of 19 paragraphs so 
that they will be in the same format as the 
alloy steel Rules. Relaxation has been 
made for both pressure and temperature in 
so far as Class I Piping conveying water is 
concerned, 


ES PSIG TEMPERATURE “F 


gage 


TEMPERATURE °F 


The steady increase in steam tempera- 
tures rendered carbon and carbon-molyb- 
denum piping materials unsuitable for 
the higher temperatures being used in the 
more advanced marine designs of steam 
propulsion plants because of the low physi- 
cal properties of the former material at 
elevated temperatures and the suscepti- 


jj | Figure 
SHOWING INCREASING TREND OF 
PRESSURES 4& TEMPERATURES 
OF LAND INSTALLATIONS | 


PRESSURE PSIG 


Charles F. Perry is Commander with the United 


States Coast Guard 200} 


Scheduled for presentation at the Thirty-Third 


| 
National Fall Meeting, AWS, Philadelphia, Pa 920 24 26 ia 4 44 46 1950 52 
week of Oct. 20, 1952. Closing date for discussion ‘ te 
Dee. 15, 1952 
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— 
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As 


welding of these complex alloy steels which 
necessitated that new rules be developed. 

The that the 
was formally requested in December of 
1948, to have the Committee on Welding 
in Marine Construction Rules 
covering the welding of low-alloy ferritic 


records indicate Sociery 


prepare 


materials such as pipe, tubing, forgings and 


castings, namely, the component materials 
normally employed in fabrieating a high- 
piping The Coast 
particularly interested in 
Rules 


about this time 


temperature system 


Guard was 


the development of such be- 


cause of discussions with 
marine engineers indicating the intent of 
using higher temperatures for new vessels 
in the planning stage than had been pre- 
viously employed in merchant vessel 
Heretofore, the 


sign temperature that had been used in a 


practice. maximum de- 


merchant vessel of American Registry was 


910° F which was built for the Atlantic 
Refining Co. Because of the successful 
operation of this class of vessel, the first 
being the EF. J. Henry, the Atlantic Re- 


again pioneered in still higher 
The high- 
the 


vessel of 


fining Co. 
temperature design conditions 
est design temperature 
time in a 


used up to 


present merchant 
American Registry is 1020° F 
“Atlantic 
for the same owner 


used in the 
class of built 
The first of this class 
of vessels was delivered in 1950.  Avail- 
able information indicates that the 
formance of these vessels to date has been 


Seamen” vessels 


per- 


very successful and has met the expecta- 
tion of their owner 

As a matter of interest to vou engaged 
in the marine 
ested in the trend of increasing pressures 


industry and those inter- 


and temperatures used in merchant ves- 
Fig. 1 gives the 


and temperature of vessels cover- 


sels, increasing trend of 
pressure 
ing the past 32 years 

abreast of in- 


have kept 


creases in stationary practice over the same 


Those who 
period of time as covered by the figure, 
know that the public utility industry has 
outdistanced the marine industry as to 
which can 


be seen from the data presented in Fig. 2 


both pressure and temperature, 


furnished through the courtesy of the Bab- 
cock & Wilcox Co. 
problems which had to be solved by the 


This lag was due to 


marine industry and to economics in- 


volved. The marine propulsion problems 
will be discussed later in this paper. 

As was noted in the data presented in 
Fig. 1, it was after 1925 that steam pres- 
materially increased above those 
in use during World War I 
and tem- 

marine 


sures 
which were 
However, upswings in pressure 


perature created problems in 
plants which were not present heretofore.' 
The advantage which could 
be obtained by use of the higher pressure 


utilized 


economic 


and temperatures could not be 
until the problem of obtaining a satis- 
factory reduction gear to reduce the high 
turbine sufficiently for the 
a low-speed efficient pro- 


speed of the 
utilization of 
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gained 
from operation of the early reduction gear 


peller solved. Experience 


was 


designs, intensive research and develop- 
ment, plus improvement in machine-tool 
design, eliminated early restrictions and 


made possihle the use of higher pressure 
and higher temperature steam so that high- 
connected to low-speed 


speed turbines 


propeller shafts by means of reduction 
gears could be employed. 

Another deterrent to the use of high- 
temperature steam was the fear of a num- 
ber of engineers in the marine industry 
that in the operation of geared turbines, 
blading 
going 

this 


today 


overheating of ahead turbines 


would occur when the vessel was 
that 
and 
1000° F are being 


performance 


astern Experience indicates 


fear was practically baseless 
temperatures of above 
employed with satisfactory 
indicated in some designs of merchant 
vessels 

Another obstacle which retarded the use 
of higher pressures and temperatures was 
the availability auxili- 


of suitable marine 


Flared Pipe or Butt Weld Fitting Large Diameter Pipe Male End Nipples, 
toPipe. Backing Ring 


to Socket End Valve or Fittin¢ 


aries. When the first geared turbines were 
auxili- 


aries previously used with reciprocating 


installed, the same type of marine 


machinery had to be employed, thereby 
minimizing the economic gains which 
accrued if the large 
exhaust steam could have been profitably 
utilized in feedwater heating. 
exhaust steam was by-passed to the con- 
which caused a 
vacuum and resulted in 
economy. This problem could 
solved until a different type of 


would have volume of 


The excess 
decrease in the 


turbine 
not be 


denser 


poor 


auxiliaries 
was used, as all effort was negated in trying 
to improve the vacuum due to the greatly 
excess exhaust 


increased quantity of 


steam from the auxiliaries. The use of 
electrically driven auxiliaries with power 
supplied by an auxiliary turbogenerator 
operating condensing was found to be the 
solution of the problem, as the excess ex- 
haust steam from reciprocating auxiliaries 
resulting in a low vacuum was no longer an 


usage of turbines 


obstacle in limiting the 
for propulsion 


AS INSERTED FOR ORALED 


, All Sizes 


May Pe Removed 


45° MIN 


a 
Socket End Fitting or Valve to 
Flange or Male End Nipple 


Butt-Welded Joint with Pipe to Socket End Fitting 


Type Ring (Plain or Socket End Valve 
ype) 
AN x a 


to Socket 
cket End 


Socket End Fittin 
End Fitting or to 
alve 


Flared Ends, Pipe to 
Pipe, Butt Weld Fitting 
to Pipe or Butt Weld 


Butt Weld Valve to Flared 
Pipe 


Fitting to Butt Weld 


Fitting 


Fig. 3 
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During this period of the evolution of 
the marine turbine, progress was being 
made by the boiler industry in the develop- 
ment of new marine boiler designs incor- 
porating automatic combustion control, 
thereby eliminating manual firing. This 
forward step resulted in decreasing fuel 
consumption and stimulated the desire to 
employ on shipboard still higher pressures 
and temperatures to achieve the economies 
that were obtainable. 


The motivating factor causing the 
marine engineer to be so interested in the 
utilization of higher pressures and temper- 
atures is the same incentive which has 
caused increased pressures and tempera- 
tures to be used in central generating 
stations, namely, bettereconomy. During 
the period of approximately 30 years, the 
reward for increased pressures and temper- 
atures in mzrine propulsion plants has been 
an increase in economy which has resulted 
in large savings in fuel consumption. 
Today, with the larger horsepower, effi- 
cient high-pressure and -temperature mar- 
ine propulsion plant installations, we ex- 
pect and get a fuel consumption of about 
0.5 |b/shp-hr for all purposes, which is 
about 50% less than the fuel consumption 
of about 25 yr ‘ago. 


As recognized by those who are familiar 
with high-pressure and -temperature pip- 
ing design, welded piping is employed 
wherever possible aboard ship because of 
lighter weight, reliability, lower initial and 
maintenance cost and freedom from joint 
leakage. To secure good performance it 
is, of course, essential that proper fabri- 
cation be employed which ne essitates 
that correct welding procedure be used. 
The welding procedure must be carefully 
established and controlled to insure the 
production of high-quality welds which will 
perform satisfactorily in service. To some 
who have not been involved in the welding 
of high temperature piping, the procedure 
established may 
strictive and resulting in high fabrication 
In the welding of high-tempera- 
ture piping the highest class of workman- 
ship must be employed to insure satis- 


seem unnecessary, re- 


costs, 


factory service performance because fail- 
ures and unnecessary troubles cannot be 
tolerated due to the resultant economic 
loss caused by the vessel being laid up for 
repairs and maintenance. 


Rules were 
Subcommittee on 


The foreword states the 
formulated by the 
Machinery Construction of the Committee 
on Welding in Marine Construction. This 
subcommittee includes representatives 
from the shipbuilding industry, the ship 
owners and regulatory bodies such as the 
Bureau of Ships, U. 8. Navy, U. 8. Coast 
Guard and the American Bureau of Ship- 
ping. These regulatory bodies, generally 
referred to as “Enforcement Authorities” 
issue their own specifications, regulations 
or rules. However, the subcommittee, in 
formulating the minimum 
fundamental requirements, has performed 


acceptable 
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Table 1 
ASTM 


designation 
Pipe material 


Nominal 
Grade com position 
Carbon-0.50 Mo 
0.60 Cr-0._50 Mo 
1.75 Cr-0. 50 Mo 
2.00 Cr-0.50 Mo 
1.25 Cr-0.50 Mo 
1.00 Cr-0.50 Mo 
2 25 Cr-1.00 Mo 
1.75 Cr-0.75 Mo 
1.00 Cr-0._50 Mo 
2.00 Cr-0 50 Mo 


50 Mo 
50 Mo 
00 Mo 


Carbon-0. 50 Mo 
1 25 Cr-0 50 Mo 


weg 2.25 Cr-1.00 Mo 


the function of coordinating the require- 
ments of the individual bodies. 

It should be understood that nothing 
contained in the Rules supersedes the 
requirements of the Enforcement Author- 
ity; therefore, the Rules are essentially 
recommended practices. 

These Rules were developed for the weld- 
ing of piping aboard ship, however, they 
are equally applicable for any high-tem- 
welding piping application 
whether it be afloat or ashore. It is to be 
noted that these Rules cover welding only. 


perature 


Many additional problems exist in cone 
nection with the design and fabrication of 
high-temperature piping. 
ments are specified by the Code governing 
the particular installation which must be 
met. A search of the literature or infor- 
mation obtained from the material manu- 
facturer is frequently also necessary to in- 
sure the use of proper fabrication pro- 
cedure. 

In the development of the Rules, vari- 


Some require- 


ous requirements which should be met 
were considered so as to insure the pro- 
duction of high-quality welded joints for 
ferritic piping materials suitable for high- 
temperature application that would per- 
Below will 
be discussed the more important 


form satisfactorily in service 
items 
taken into consideration in establishing 


welding procedure as covered by the Rules 


Scope 


The ferritic alloy materials which most 
likely would be used in the temperature 
range of 800 to 1050° F, listed in the Rules, 
are covered by ASTM designations given 
in Table 1 above. As the Rules pertain 
to welding only, the discussion will not go 
into detail regarding the selection of mate- 
rial with reference to temperature limita- 
tion which is imposed by Enforcement 
Authorities. 


Table 2—Backing Rings and Weld Metal Compositions 


Base Materials 
(ASTM Designation) 


Backing Ring Materials* 
(ASTM Designation ) 


Weld Metal 
Composition 


A-335 P1 to 
A-335 P1 
A-335 P2 
A-335 P12 or A-213 T12 
A-335 Pil 
A-335 P3a or A-213 T3 
A-335 P3b or A-213 T14 
A-213 T22 

A-335 P2 to 
A-335 P2 
A-335 P12 or A-213 T12 
A-335 
A-335 P3a or A-213 T3 
A-335 P3b or A-213 T14 
A-213 T22 

A-335 P12 or A-213 T12 to 
A-335 P12 or A-213 T12) 


A-106B 


70 Cr 
0.40-+).65 Mo 


A-335 
A-335 P3a or A-213 T3 
A-335 P3b or A-213 T14 
A-213 T22 

A-335 P11 to 
A-335 
A-335 P3a or A-213 T3 
A-335 P3b or A-213 T14 
A-213 T22 

A-335 P3a or A-213 T3 to 
A-335 P3a or A-213 T3 | 
A-335 P3b or A-213 ~~ 
A-213 T22 

A-335 P3b or A-213 T14 to 
A-335 P3b or A-213 re 
A-213 T22 

A-213 T22 to 
A-213 T22 


A-335 P12 or A213 T12) 
A-335 P11 

A-335 P3a or A-213 T3 
A-335 P3b or A-213 T14 


A-335 \ 
A-335 P3a or A-213 T3 | 
A-335 P3b or A-213 T14} 


A-335 P3a or A-213 T3 | 
A-335 P3b or A-213 T14J 


A-335 P3b or A-213 T14 


A-335 P3b or A-213 T14 
A-213 T22 


2.00 Cr 
.65 Mo 


.00 Cr 
.80 Mo 


2.25 Cr 

.00 Mo 
{1.60-2.50 Cr 
10 Mo 


* These designations are used for the purpose of illustrating chemical analysis only. 


Backing rings may be manufactured-from pipe or bar steels of similar composition. 
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A335 
A335 
A335 
A335 
A335 
A335 
A335 
A213 

A213 

A213 
Forgings 
A182 Fl Carbon-O0 
F2 1.0 
F22 2.25 Cr-1 
Castings 
ae A217 WC6 
A217 
4 
A-209 T1 
A-335 P1 
A-192 0.40-0.65 M 
A-210 
A-53A 
A-106B 

A-209 T1 
A-335 P1 
A-210 

| A-53A 
{0.30-2.00 Cr 
\0.40-0.65 Mo 
1.00- 
1150-2 
3 


2 Types of Joints position welding is likely to be involved. Preheat and Interpass Temperatures 
Ss Butt joints are required for pipe over 2- Welding Process To minimize the likelihood of cracking 
! in. size for carbon-molybdenum and chro- during welding, preheat and interpass 
mium-molybdenum alloys containing up The manual shielded are process temperatures are specified based upon the 
to 0.70% chromium. Butt joints are man- was considered to be the type of welding chemical composition. It is stipulated 
datory for pipe over l-in. size where the which is the most commonly used and that a higher preheat is usually necessary 
alloy is of higher chromium content. which would produce acceptable welds where the carbon content exceeds 0.18% 
Socket welded joints are permitted for Provision, however, is made for the use of or complex joints are involved This pre- 
sizes and chromium content below the oxy-acetylene welding of carbon-molyb- caution is stated, of course, .o minimize 
limitations given above. The limitations denum pipe not exceeding 1 in. in size, the likelihood of weld cracking caused by 
were selected to provide for better stress and the use of other welding processes high hardness or unusual joint geometry, 
= distribution through the joint and to pre- which may be approved by regulatory Provision is made for lower heating if pro- 
clude the possibility of weld cracking as a bodies contingent upon a. satisfactory cedure qualification demonstrates that 
result of hardness because of high chro- procedure test being conducted with the welding procedure employed 
mium content or large thermal gradient acceptable joints can be produced. 


jue to metal mass. 
Se Qualification of Welding Procedures 


and Welders Weld Quality 
To insure that the procedure is satis- Either stringer beads or weaving may be 
The material edges are required to be factory and that welders are capable of used contingent upon the type used in the 
clean and free of foreign matter. Any producing acceptable welds, compliance qualification procedure. Weld layers 
means that will provide a suitable surface with the latest Standard Qualification Pro- should not exceed '/s in. in thickness to in- : 
reasonably smooth and free of gouges may cedures of the AMERICAN WELDING SOCIETY sure high-quality deposit and minimize 3 
be used for the preparation of the welding is required. the likelihood of defects. The customary 4 


edges. Some acceptable joint details 


which have given satisfactory perform- 


ance in service are shown in Fig. 3. 


Table 3—Preheat Interpass, Preliminary Postheat and Stress-Relief 


Backing Rings 
Temperatures 


Backing rings are specified to be of Minimum Preheat Preliminary* Postheat 

weldable quality free of foreign material and Interpass Temperatures, 

and of approximately the same chemical 

composition h me tal. late rial 3/,In. and Over /, In. and Over Tempera- 

designations for backing rings is given in Under tol'/,In. Under to 1/2 In. tures 

Table 2. It was recognized that carbon- Wall Wall Wall Wall +25° F. 

steel backing rings have been used in the Base Materials Thick- Thick- Thick- Thick- All Wall 
(ASTM Designation) ness ness ness ness Thicknesses 


welding of materials such as covered by 


these Rules; however, in view of the A-335 P1 to 
limited knowledge regarding the effects of A-335 P1 150 250 Not reqd. 
weld dilution, it was deemed desirable for A-335 P2 150 250 Not reqd. 

A-335 P12 or A-213 T12 300 400 Not reqd. 
the backing ring to have approximately A-335 Pll 300 400 Not reqd. 3 
the same chemical analysis as the base A-335 P3a or A-213 T3 300 400 1225 
metal until more information is available A-335 P3b or A-213 T14 300 400 1225 

A-213 T22 300 400 1225 


regarding the effects of dilution for high- 


> 


w 
to 


temperature application. 


A-335 P2 150 250 Not reqd. 1225 
A-335. P12 or A-213 T12 300 400 Not reqd. 1225 
- A-335 P11 300 400 Not reqd. 1225 = 
Electrodes A-335 P3a or A-213 T3 300 400 1225 1225 
A-335 P3b or A-213 T14 300 400 1225 1225 
It was known that some data existed in- A-213 T22 300 400 1225 1225 a 
dicating that weld metal of similar chemi- A-335 P12 or A-213 T12 to 
cal composition was superior to that of A- 335 P12 or A-213 T12 300 400 Not reqd. 1350 1350 
wrought or cast base material. However A-335 P11 300 400 Not reqd. 1350 1350 
A-335 P3a or A-213 T3 300 400 1350 1350 1350 
6 to prevent dilution from occurring it was A-335 P3b or A-213 T14 300 400 1350 1350 1350 
decided to require that welds have equal or A-213 T22 300 400 1350 1350 1350 
better heat-resisting properties than the A-335 P11 to 
base metal, until further research is con- A-3¢ 35 Pil 300 400 Not reqd. 1350 1350 
: A- 5 P3a or A-213 T3 300 400 1350 1350 1350 
ducted regarding heat-resisting properties A-335 P3b or A-213 T14 300 400 1350 1350 1350 
of lower alloy weld metal as compared to A-213 T22 300 400 1350 1350 1350 
base metal. Chemical composition for A-33! Pte or A-213 T3 to 
electrodes is given in Table 2. The Rules A-3¢ 3a or A-213 T3 300 400 1350 1350 1350 
specify that low-hydrogen XX15 or XX16 A- 35 | ] 3b or A-213 T14 300 400 1350 1350 1350 
Siege si A-213 T22 300 400 1350 1350 1350 
electrodes should be used if the chromium ; 
A-335 P3b or A-213 T14 to 
conte nt is ® or higher, an iat Mmaxi- A-335 P3b or A-213 T14 300 400 1350 1350 1350 
mum sizes of electrodes should not. exceed A-213 T22 300 400 1350 1350 1350 
5/\, in. for flat position and 5/s in. for all A-213 T22 to : 
other positions, to minimize the likelihood A-213 T22 300 400 1350 1350 1350 


of weld cracking and to prevent the use of * When preliminary postheat treatment is applied by a manually controlled tore h, 


too large a size electrodes which causes un- precautions should be taken to avoid exceeding the specified temperature range and 
necessary difficulties especially where all causing partial transformation of the steel. 
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precautions are stated that dirt and slag 
are to be removed after each pass and that 
starts and stops are to be made in such a 
way as to avoid entrapment of gas and 
slag. Provision is made for the use of 
either chipping or grinding in the removal 
Peening is prohibited unless 
specifically approved. The usual require- 
ments are specified for providing reinforce- 
ment and elimirlating unnecessary §rein- 
forcement. 


of defects. 


Postheat Treatment 


Based upon mass and hardness, a post- 
heat treatment is required immediately 
upon completion of welding if the thickness 
at the joint exceeds */, in. or the base 
material contains more than 1.50% chro- 
mium or 0.75% molybdenum. The same 
heat treatment is specified in all other cases 
unless the interpass temperature is main- 
tained until final stress relief, the wall 
thickness does not exceed */, in., or the 
hardness of the heat-affected zone in the 
as-welded state does not exceed 32 Re. 
The heat treatment necessitates that the 
weld area be heated uniformly for a mini- 
mum period of 10 min. and cooled at a 
slow, uniform rate within the temperature 
range as specified in Table 3. The pre- 
liminary postheat treatment is not a sub- 
stitute for final stress relief unless the heat 
soaking period is based upon a length of 
| hr per inch of thickness as specified for 
stress relieving. 


Stress Relief 


All joints exceeding 2'/s in. pipe size are 


required to be stress relieved at the tem- 
peratures given in Table 3, and if the 
chromium content exceeds 0.70% all 
joints exceeding | in. are required to be 
stress relieved. The period of stress re- 
lief is as previously stated but in no case is 
the soaking period to be less than '/: hour. 
Heating and cooling rates shall be within 
200-400° F /hr with the weldment allowed 
to be removed from the furnace when 600 
F is reached. Controlled temperature 
heating is mandatory. 


Marking for Identification 


The use of a steel die for stamping is 
permitted but its use is discouraged be- 
cause the indentations are stress raisers 
which may cause a crack to develop. The 
use of paints containing lead, zine or sulfur 
compounds are prohibited because of the 
possible deleterious metallurgical effect 
these chemical elements may have on steel 
at elevated temperatures. 


Nondestructive Testing 


All joints exceeding in. are re- 
quired to be nondestructively tested and 
joints of pipe exceeding | in. are to be non- 
destructively tested if the chromium con- 
tent exceeds 0.70%. Radiographic ex- 
amination is mandatory if the wall thick- 
ness exceeds */, in. which was considered to 
be about the upper limit for which para- 
magnetic particle testing was satisfactory. 
Only 60% of the pipe circumference is re- 
quired to be examined for sizes below 4 in. 


when radiography is employed. If para- 


magnetic powder testing is used the entire 
joint must be tested. 

Because of the marked increase in tem- 
peratures over the past decade and the 
large number of low-alloy ferritic steels 
available as piping materials, it was con- 
sidered necessary that standards be 
established for welding the materials so as 
to insure that welding failures would be 
eliminated. 

Each installation has problems which 
must be considered, as follows: selection 
of suitable material that will not graphi- 
tize in service, has good resistance to 
creep and good stress to rupture properties 
at the operating temperature, and presents 
little or no difficulties in fabrication 
Other considerations are: can the materia! 
be cold bent, or must hot bending be em- 
ployed? If cold bending can be used, 
what heat treatment is necessary to re- 
store the necessary ductility and to pro- 
duce the grain size desired? 

If the requirements as specified in the 
Rules are met, dependable welds will be 
obtained and a degree of standardization 
achieved which was the purpose of the 
Rules. 
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Corrosion of Structural Spot Welds 


§ An investigation of the corrosion phenomena in spot- 


welded joints of low-alloy, high-strength steel and an evalu- 


ation of the beneficial effects of protective weld sealers 


by B. Karnisky, E. Kinelski 


and Gruca 


Abstract 


Structural spot welds frequently are 
subjected to corrosion by conditions en- 
countered in service, and unless preven- 
tive measures are taken, spot-welded 
joints may fail far short of their expected 
service life. This paper is conterned with 
an investigation to gain basic knowledge 
on the corrosion phenomena in spot- 
welded joints of low-alloy, high-strength 
steel, and to evaluate the beneficial ef- 
fects of protective weld sealers 

Laboratory tests were made to simulate 
actual service failures. Factors such as 
corrosion fatigue, preferential attack by 
acid solution, stress corrosion cracking, 
alternate immersion in acid and salt solu- 
tions were considered in preliminary tests. 
Subsequently, a procedure was evolved in 
which various types of spot-welded speci- 
mens, either stressed or unstressed, were 
subjected to industrial atmospheric eX- 
yosure. Test data have been accumu- 
fated over the past four years’ and numer- 
ous spot weld failures have been obtained 
in the atmospheric corrosion specimens. 
Metallographic examination of the failed 
welds revealed additional information on 
the corrosion failure phenomena in spot 
welds. 

In service, various physical and chemi- 
eal actions take place which may start 
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corrosion in the faving surfaces, and the 
alternate wet and dry conditions tend to 
build up the rust layer causing ultimate 
failure. The results of the test indicate 
that spot welds may start to fail by corro- 
sion cracking in as little as one year’s time 
unless proper weld sealers are used in the 
joint and some form of periodic mainte- 
nance is performed. 


INTRODUCTION 


HE subject of “corrosion”? should be 
of interest to all engineers and fab- 
ricators of welded consumer or in- 
dustrial goods because billions of dollars 
are spent annually in applying protective 
coatings on new products, preventing cor- 
rosion of the products in service and re- 
placing products destroyed by corrosion. 
This economic aspect of the corrosion prob- 
lem is ably stated by Uhlig, who prefaces 
the Corrosion Handbook by stating: ““Tie 
tax imposed by corrosion of metals on in- 
dustry, the community, and the nation is 
an appreciable proportion of our national 
income.”’ In spite of the fact that the 
corrosion phenomena is encountered daily, 
few people are cognizant of the numerous 
chemical, metallurgical and physical fae- 
tors involved in the corrosion process 
This paper is concerned with a study of 
the mechanism of corrosion occurring to 
spot welds used in primary or secondary 
structures and in the effectivness of cor- 
rosion prevention practices For the past 
17 vears Pullman-Standard Car Manu- 
facturing Co. has been analyzing this prob- 
lem, and the paper highlights the results 


of the program thus far. The impetus for 
the research program was related directly 
to the change from riveted to spot-welded 
design and by the introduction of low- 
alloy high-strength steels in the company’s 
products. The objectives of the initial 
program in 1935 were simple—to observe 
the effects of outdoor exposure on riveted 
and spot-welded joints. In the vears 
since then fhe program has been instru- 
mental in the development of specifica- 
tions for weld-through primers and sealers* 
to be used for the protection of spot welds 
in carbon or low-alloy steels which would 
not interfere with the quality of the welds 

In summary this paper will: (1) show 
how spot welds may fail in service by cor- 
rosion; (2) describe various laboratory 
tests made to simulate service corrosion 
failures and (3) present data to illustrat 
the effectiveness of specific protective 
coatings in stressed spot-welded joints ex- 
posed to industrial atmospheres 


CORROSION FAILURES IN 
SERVICE 


In order for corrosion to take place, the 
spot-welded joint must be exposed to a 


corroding medium. Railroad equipment, 


* By definition, weld-through primers are coat 
ings applied to sheet metal prior to spot welding 
which (a) enables the joint to be welded without 
affecting weld quality and (6) offer 
hibition to the coated faying 
through sealers are als¢ lied r 
and act as a viscous bar preventing corro 
sive environments from reaching the faying sur 
faces. Sealers may also provide chemical resist 


corrosion in 


Weld 


welding 


ance to corrosion 


Fig. 1 Spot-welded joint which has failed in service from atmospheric corrosion because of the lack of maintenance. 
Vote the holes in the steel sheet around the periphery of the spot welds 
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(a) Plug type failure which may occur in joints between sheets and heavy sections. 9 x 


(6) Partial «hear type failure which occurs in one between sheet« of approximately the same 
chness. x 


Shear type failure. 6 

Types of failures of spot-welded joints which occur after an extreme 
‘ The expansion from corrosion products 
and the resulting cracks through the welds are shown. These spot welds were 
: originally satisfactory, but the joints were not properly protected from corrosion 


Fig. 2 
_ exposure to atmospheric corrosion. 


(a) 0.064-in., low-alloy 
high-strength steel. 
5 x 


(b) 0.064-in., 


bearing mild steel. 
5 x 


(ec) 0.064-in. plain mild 
steel. 5 x 


Fig. 3 Appearance of unprotected spot-welded joints after 9-yr atmospheric 
exposure in Chicage. Variation in amount of corrosion of the three types of 
steel which were tested and relative expansion of the joints are illustrated 
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for example, may be exposed to acid solu- 
tions, alternate wetting and drying, coal- 
ash, lime, salt, cinders, ete. In addition, 
all ranges of humidity, cold and heat are 
encountered in the different climates of 
the country. Corrosion rates are also in- 
creased by the residual stresses in welded 
joints and by fatigue stresses in service. 
The net effect of all these conditions con- 
stitutes an ileal setup for the occurrence 
of corrosion. Proper maintenance through 
periodie painting programs can help mini- 
mize potential corrosion. When this pro- 
tective measure is not taken, then trouble 
can start. 

Figure | illustrates a typical example of 
a spot-welded joint which has failed in 
service. In this type of joint, consisting 
of a light-gage steel sheet spot welded to a 
heavy member, corrosion failure occurred 
by pulling a hole in the light-gage sheet 
around the periphery of the weld. This 
plug type of corrosion failure is illustrated 
in Fig. 2 (a). Between steel sheets of ap- 
proximately the same thickness, a partial 
shear failure may oceur as shown in Fig. 
2(b), or a complete shear failure as shown 
in Fig. 2 (e). 
the original spot welds were satisfactory, 
but after severe corrosive action, it is 
sometimes difficult in shear type failures 
to prove that the joint was even welded. 
These examples of spot weld failures illus- 
trate the effects of corrosion, and the fol- 
lowing pages will describe the techniques 
and results of the research program under- 
taken to better understand and control the 
corrosion problem. 


In each of these instances, 


ATMOSPHERIC CORROSION 
TESTS OF LOW-ALLOY STEEL 
SPOT WELDS 


During the middle thirties, low-alloy 
high-strength steels having excellent weld- 
ability and improved strength and corro- 
sion resistance properties were developed. 
A research program was thereupon insti- 
tuted in 1935 to compare the atmospheric 
corrosion resistance of spot-welded and 
riveted joints made from a proprietary 
low-alloy steel with two other steels 
copper-bearing and mild The 
joints were made without the benefit of 


steels. 


any protective primer or sealer at the fay- 
ing surfaces. The externally exposed sur- 
faces of the specimens were given a coat of 
black lacquer. 

Figures 3 and 4 show the appearance of 
the samples after being exposed to Chicago 
industrial atmosphere for a period of nine 
years. During that time they were period- 
ically examined, and measurements were 
taken of the expansion of the joints caused 
by build-up of corrosion products. The 
test results indicated that the mild steel 
joints expanded much more than the other 
two types of steel and that the riveted 
joints expanded slightly more than the 
spot-welded joints. It is readily apparent 
by the amount of pitting and joint ex- 
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Fig. 4 


posure in Chicago. 


steel which were tested and the relative expan: 


pansion that the spot-welded and riveted 
low-alloy steel joints have much better 
corrosion resistance than the other two 
steels. The lacquer was intact only on the 
Later 
shown that 


surface of the low-alloy steel. 


results by Larrabie' have 
low-alloy high-strength steels have about 
two or three times the atmospheric cor- 
rosion resistance of structural-steel con- 
taining a 0.2°, copper. 

Upon microscopic examination, as 
shown in Fig. 5, some cracks were found in 
the low-alloy steel spot welds, in spite of 
the slight amount of corrosion and expan- 
sion of the joint, whereas no cracks were 
found in the copper-bearing and mild stee] 
welds. The  interdendritic 
and slightly branched appearance of this 


penetration 


type of crack, coupled with the slight 
amount of general corrosion existing, in- 
failure 
might be stress corrosion cracking.? The 


dicated that the mechanism of 


requirements for stress corrosion are pres- 
ent because of the inherently high residual 
stress in the spot weld and the concen- 
trated stresses applied at the faving sur- 
faces by the wedge of corrosion products. 

However, the mechanism of failure of 
these spot welds may be purely mechani- 
eal. A small zone of partial fusion, com- 
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(a) 0.064-in., low-alloy 
steel spot weld. Note 
crack in we 


crack 

shown im (a) into weld 

nugget and slight pitting 
x 


(b) Progress of 


from corrosi 


(c) 0.064 inch plain mild 


stee 


{ppearance of unprotected riveted joints after 9-yr atmospheric ex- 
Variations in amount of corrosion of the three types of 


ion of the joints are illustrated 


monly called the corona fusion zone, exists 
around the spot-weld periphery at the 
faying surfaces of the sheets. The ex- 
pansion of the sheets from the wedge of 
corrosion products readily cracks the co- 
rona fusion zone, providing a sharp notch 
for entrance into the weld nugget. Since 
spot welds are actually castings with weak 
planes along the dendritic structure, the 
erack can enter the weld along these 
planes. Spot welds in low-alloy steels 
are much harder and less ductile than spot 
welds in copper- bearing or plain mild steels 


and this characteristic would aid cracking. 


PRELIMINARY ANALYSIS OF THE 
MECHANISM OF CORROSION 
CRACKING 


In an effort to determine which of the 
two theories of the mechanism of failure 
described above was the most plausible, a 
number of preliminary laboratory tests 
were made to develop corrosion cracks in 
These 


fatigue tests, immersion in acid solutions, 


spot welds included — corrosion 
stress corrosion cracking tests and alter- 
nate immersion and drying in a salt solu- 
tion Only one ty pe of low-alloy steel was 
used, having chromium, nickel, copper 
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and phosphorus as the major alloying ele- 
ments. 
various sized spot welds, in the as-welded, 


Specimens were prepared with 
tempered and furnace stress relieved con- 
ditions, so as to vary the factors of residual 


stress and weld hardness 


Corrosion Fatigue Tests 

In determining the factors which influ- 
ence spot weld corrosion, the combination 
of eyelic flexure and corrosion on spot 
welds appeared to off more severe de- 


terioration than either condition sepa- 


rately Therefore, corrosion fatigue tests 
were used as a part of this investigation 
Simnad and Evans,’ in their study of the 
mechanism of corrosion fatigue of steel in 
acid solutions, conclude that the bottom 


of a sharp pit becomes anodic due to con- 


centration of stresses and this anodic m 
terial is dissolved awa to form 4 Crack 
During the formation of a spot weld, high 
internal stresses are introduced by the 
rapid heating and cooling cycle. Conse- 
quently, the weld is anodic to the sur- 
rounding parent metal. The sharp notch 
produced by the faying edges at the weld 
constitutes a pit which is anodic at the 
bottom, as described above It was there- 
fore reasoned that the effect of fatigue 
stresses combined with acidie solutions in 
the joint could conceivably produce the 
type of spot weld failure encountered in 
service. Certain protective coatings can 
be destroved at locations where acid solu- 
tion may drain and collect. These loca- 
tions may be either spot-welded or riveted 
lap joints which can retain moisture and 
acid solutions by capillary attraction 
For this reason, it was decided to conduct 
corrosion fatigue tests in sulfurie «ac id 
solutions, running water and in air 
Krouse flexural fatigue specimens were 
prepared from cold-rolled, 0.075-in. low- 
alloy steel, and the endurance limit was 
determined in air, running tap water and 
in a 0.5° sulfuric acid solution. The 
effect of the corrosive environment was to 
drastically decrease the fatigue life without 
changing the manner of failure Speci- 
mens tested under identical load condi- 
tions showed a life of 10,000,000 cycles in 
air, 3,500,000 cycles in water and only 
700,000 cycles in the acid solution Each 
failure was initiated at the notch formed 
at the periphery of the corona fusion zone, 
as shown in Fig 6, and proceeded around 
the weld nugget to the surface. Since 
corrosion did not begin to take effect in the 
short time required for failure, the fatigue 
life at high loads was approximately the 


same in all environments At extremely 


low loads, failure occurred by severe pit- 
ting of the surface.‘ 

The flexural type of fatigue test does 
not truly represent the actual load on a 
spot weld in service where both shear and 
fatigue stresses are combined. By using 
the tensile fatigue type of machine, which 
produces a direct shear load on the spot 
weld, more representative results may be 
obtained. 
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Immersion in Acid Solutions 


Once corrosion is initiated by any of the 
corrosive mediums, the expansion of rust 
in the joint obviously might fracture the 
spot welds. Iron reacts with oxygen and 
water to produce a precipitate of ferrous 
hydroxide which reacts with more oxygen 
to form ferric hydroxide resulting in a 
large increase in volume.’ In order for 
this reaction to continue, the solution must 
be acidic so that it will have a large solu- 
bility for ferrous hydroxide. This was 
demonstrated by immersing spot-welded 
low-alloy steel specimens in water to which 
bubbling air was introduced. A_ thick 
bead of rust soon formed a tight seal com- 
pletely around the joint and prevented 
further corrosion in the joint, 

Following this test, spot-welded speci- 
mens of low-alloy steel were immersed in 
an aqueous solution of 0.5°, sulfurie acid 
with bubbling air introduced. The dilute 
acid solution was used in order to increase 
the galvanic attack at the spot welds, 
which are anodic to the parent metal. 
Since iron ions tend to go into solution at 
anodie areas when steel is placed in an 


| electrolyte, it was reasoned that stressed 


spot welds would corrode preferentially. 
However, the tests by immersion in the 
0.5°, sulfuric acid solution showed that 
the parent metal of a spot-welded joint 
would be corroded away without any cor- 
rosion attacking the spot welds at the fay- 
ing surfaces. Most of the corrosion at the 
joint was confined to the parent metal at 
the outside edges of the joint as shown in 
Fig. 7 (a). Some of the specimens were 
spot welded with a proprietary sealer in 
the joint. This sealer gave complete pro- 
the joint and reduced the 
amount of corrosion at the outside edges 
of the joint as shown in Fig. 7 (b). 
Concentrated salt solutions, because of 
their good electrical conductivity, increase 
corrosion by galvanic and concentration 
cell attack. Sodium chloride is highly 
soluble in water and tends to produce 
soluble corrosion products; therefore, the 
solution remains in contact with the metal. 
\ slight amount of acidity and oxygen in 
corrosive 


tection in 


increases the 

Spot-welded low-alloy 
steel specimens immersed in an aqueous 
solution of sodium chloride and perchloric 
acid were attacked around the periphery 
of the surface indentations at the welds 
and at the extreme edges of the joint. 
The latter, illustrated by Fig. 8, is a typi- 
cal oxygen concentration cell attack 
which did not affeet the spot weld. 

The results of these series of tests, while 
vielding additional information as to the 
effectiveness of the sealers, did not produce 
the desired corrosion cracking of the spot 
Other tests of corrosive attack 


saline solutions 


action on metals. 


welds. 
were therefore considered. 


Stress Corrosion Cracking 


The service conditions of high static 
stresses combined with corrosion led to this 
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(ce) End of crack in weld nugget showing branched and interdendritic path. 


Note crack in weld nugget at right side. 


10 x 


Pia 


~*~ 


100 x 


Fig. 5 Corrosion cracking of a low-alloy high-strength steel spot weld after 
9-yr exposure to industrial atmosphere in Chicago 


portion of the investigation; namely, de- 
termination of stress corrosion as the main 
factor in promoting cracking in structural 
spot welds. Failures by corrosion fatigue 
result from simultaneous corrosion and 
fatigue while corrosion 
eracking failures occur from simultaneous 
corrosion and high static stresses. These 
static stresses ordinarily occur in metals 
from the strain of cold work, but they may 
be produced by fabrication methods such 
as welding or riveting. Cracking may be 
prevented by annealing to remove the 


stresses, stress 


stresses. 

The failure of boiler steel by caustic 
embrittlement has been related to stress 
corrosion cracking by Waber and Me- 
Donald? They were able to produce 
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failure in mild steel with an applied static 
stress in a solution of mixed nitrates. 
These corrosion cracks were mostly inter- 
crystalline and slightly branched, similar 
to the cracks in spot welds which are 
shown in this article. Stress 
cracks occur without a significant amount 
of general corrosion on the surface. This 
condition was also present in spot-welded 
specimens which had cracked after atmos- 
pherie exposure. Corrosion cracking of 
mild steel is related to the strain aging and 
precipitation of iron nitride in the grain 
boundaries of the steels and may be pre- 
vented by removing the nitrogen. The 
corrosion process is electrochemical since 
the application of an anodic current pre 
vents cracking.’ 


corrosion 
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(@) .064-inch low-alloy steel spotweld. 

(b) Progress of crack shown in (4) into weld nugget and slight pitting from corrosion. 50 = 


Samples, 1'/: by 6 in., with three spot 
welds spaced 2 in. apart were prepared 
from 0.075 in. and combination of 0.075 
and 0.125 in. low-alloy steels. A number a 
of these specimens were given a tempering 
treatment in the spot-welding machine. 
The samples were immersed in a boiling 
solution of calcium nitrate and ammonium 
nitrate as recommended by Waber and 
McDonald This solution produces very 
little actual corrosion of the steel. How- 
ever, it does produce rapid cracking in 


steels subject to corrosion cracking when 

(a) Fatigue failure in air. 8 X 
tensile stresses approaching 90°% of the 

yield strength are present 

All of the spot-welded specimens cracked 
in the solution, indicating that the low- 
alloy steel was sensitive to stress corrosion 
cracking, and that extremely high-tensile 
stresses were present in the spot welds. 
In the spot welds made at low welding 
currents, the highest stresses were in the 
heat-affected zone as shown in Fig. 9 (a). 

Standard sized spot welds made at average z 
welding currents cracked completely across 
the weld in a plane norma! to the sheet sur- 
face as shown in Fig. 9 (b). The temper- 
ing process reduced the stresses in the weld 


(b) Corrosion fatigue failure in 0.5% sulfuric solution. 8 
Fig.6 Corrosion fatigue failures of spot-welded 0.075-in. low-alloy steel. With nugget sufficiently to prevent cracking of 4 
flexural loads, failure initiates at the periphery of the corona fusion zone and the weld as shown in Fig. 9 (c), but the : 
circumvents the weld stresses in the parent metal between welds 
remained high so that cracking occurred 
outside of the welds. Since none of these : 
samples cracked in the weld parallel to the 
faying surfaces of the joint, additional 
tests were made by applying a shear load 
on a single spot-weld specimen immersed 
in the mixed nitrates solution. These 
specimens started cracking in the faying 
surfaces adjacent to the weld and cracked 
around the periphery of the weld, similar 
to the corrosion fatigue failures shown in 
Fig. 6. 
Although the failures of spot welds in a 


(a) Without sealer in the joint. 6 
mixed nitrate sclution indicated that these 


welds in low-alloy steels were susceptible 
to stress corrosion cracking, the types of 
failures did not resemble the shear or plug 
type failures experienced in actual service 
of structural welds. 


ilternate Immersion in Salt Solution =. 


Since salt solutions have good electrical 
conductivity and offered possibility of 


accelerating the corrosion of spot welds, 
(6) ‘With sealer tn the 6 X the next phase of was the 
me o exposure of spot welds to an alternate im- 
Fig. 7 Corrosion of low-alloy steel spot welds by immersion in a 0.59% sulfuric : ' 
acid solution for 504 hr. The protection at the edge of the joint provided by the . 
proprietary sealer in the joint is shown by (b) solution. 

sion into the salt solution for four days at 


mersion test in 0.1 normal! sodium chloride 
The test began with an immer- 


room temperature. Then the salt solu- 
tions with the specimens were placed on a 
hot plate and heated at 150° F for two 
days, at which time the water had com- 
pletely evaporated...The specimens re- 
mained in the beaker on the hot plate for 


Fig. 8 Concentration cell attack at 

outside edges of low-alloy steel joint 

after 836-hr immersion in an aqueous 

solution of sodium chloride and per- 
chloric acid 
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par 


Fig. 


(a) Spot weld made with low welding current. 


Cracks appear in the heat-affected zone. 10 


(6) Spot weld made with average welding current. 


ae | through center of weld because of 
x 


high shrinkage stresses. 


(ec) Tempered «pot weld reduces internal stresses in weld but high stresses remain in the parent 
metal between welds. 8 


spot 


an additional day for thorough drying. 
Each week the cycle was repeated. 

Specimens 2 by 6 in. having three spot 
welds were made using 0.075-in. low-alloy 
steel, a combination of 0.075 and 0.125-in. 
low-alloy steels, and also a combination 
of 0.075-in. 18-8 stainless and 0.075- 
in. low-alloy steel. With the last named 
combination of materials, the weld nugget 
consisted of a mixture of the two dissimilar 
metals and was hard and rather brittle 
when conventional spot welding tech- 
niques were used. By using short impulses 
of welding currents and electrodes de- 
signed to give the proper current distribu- 
tion, it is possible to fuse the dissimilar 
metals together without forming a nugget. 
Both types of specimens were made. In 
addition, a complete set of specimens was 
spot welded with the proprietary sealer in 
the joint, and another set was stress re- 
lieved at 1150° F. 


9 Stress corrosion cracks resulting from residual stresses in low-alloy steel 
and exposure in boiling mixed nitrates solution 


Thickness measurements were made at 
regular intervals on each specimen in order 
to record the expansion from corrosion 
products in each joint. The sealer in the 
joint prevented expansion for about sixty 
days, and then the expansion rate was the 
same as the other specimens. There was 
very little difference in the expansion rates 
of the 0.075 in. specimens compared to the 
specimens of 0.075 in. spot welded to 0.125- 
in. steel. Likewise, there was no signifi- 
cant difference between the expansion 
rates of the as-welded and the stress-re- 
lieved specimens. The combination stain- 
less steel and low-alloy steel specimens 
expanded at a rate approximately one-half 
of the low-alloy steel specimens. 

Representative samples of the salt solu- 
tion corrosion tests were cross sectioned 
for examination after exposures of six 
months and one year. At the end of six 
months exposure, the corona fusion zone 
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around the periphery of the as-welded low- 
alloy steel spot welds had cracked and ex- 
tended a very short distance into the weld 
nugget. This is illustrated by Fig. 10 (a) 
of a spot weld joining the 0.075- and 0.125- 
in. low-alloy steels. At the end of one 
year’s exposure, these cracks had extended 
a considerable distance into the weld /as 
shown in Fig. 10 (6). A similar failyre, 
shown in Fig. 11 (a), occurred in the com- 
bination stainless steel and low-alloy steel 
joint which was purposely made with a 
brittle type weld. However, the fusion 
type weld joining the stainless steel to low- 
alloy steel was free of any cracks even after 
one year’s exposure as shown in Fig. 11 (6). 

Of the stress-relieved specimens, only 
the brittle-type stainless steel] and low- 
alloy steel weld cracked after one year’s 
exposure. The stress relieved low-alloy 
steel spot welds had cracked in the corona 
fusion zone, but none of the cracks actually 
penetrated the welds. The hardness of 
the low-alloy steel spot welds was lowered 
from Brinell 340 to Brinell 210 by the 
stress-relieving treatment, but the brittle 
dissimilar metal spot weld remained at 
Brinell 350. Evidently the soft weld 
with a low yield strength could elongate 
under the stresses induced by rust expan- 
sion. However, it could also mean that 
the planes of weakness along the dendritic 
pattern of the spot weld were partially 
eliminated by the stress relief treatment. 
In addition, stress relieving reduced the 
residual stresses in the welds and joints 
and thereby reduced the susceptibility to 
stress corrosion cracking. 


ATMOSPHERIC CORROSION 
TESTS 


It was concluded at the end of the above 
laboratory tests, that a satisfactory analy- 
sis of the mechanism of spot weld failures 
could be made by controlled atmospheric 
corrosion tests only. The selective attack 
by atmospheric corrosion was impossible 
to duplicate by short time laboratory tests. 
Since applied stress is an important factor 
in service failures, it is desirable to apply 
a load to the exposed specimens. In ad- 
dition, the phenomenon of stress corrosion 
cracking is directly related to the amount 
of stress in the specimen exposed to the 
corrosive environment. Therefore, an 
atmospheric test program was established 
which included unstressed samples and 
stressed samples under constant deflection, 
constant bending load and constant shear 
load in order to observe whether or not the 
added stresses on the spot welds would ac- 
celerate the rate of corrosion cracking. 

The samples were spot welded in the 
same manner, and with the same materials, 
as the specimens in the alternate immer- 
sion tests in salt solutions. These in- 
cluded low-alloy steel joints and combina- 
tion stainless steel and low-alloy stee! 
joints. They were spot welded with low, 
average, and high welding currents in 
order to have a range of residual stresses. 


THe WELDING JouRNAL 


— | 
q 
» 4 
908 


A chemical analysis of the three steels 
which were used and descriptions of the 
types of joints with shear strengths of the 
spot welds are listed in Tables 1 and 2, re- 
The Type C 
ing the stainless steel and low-alloy steel 


spectively specimens join- 
were purposely made to produce a brittle 
weld nugget. The Type D specimens 
were made by the special spot welding 
procedure mentioned previously in which 
the dissimilar metals were fused without 
forming a nugget. 
plete set of specimens was prepared with 
the proprietary sealer in the joint. A 


In addition, one com- 


general view of the testing site is shown in 
Fig. 12. Exposure was started in August 
1947, at the Pullman-Standard Plant in 
Chicago. The atmosphere is predomi- 
nantly industrial with railroads, chemical 
plants, general industrial plants, ete., in 
the area. 

Corrosion 


Unstressed Atmospheric 


Tests 


This group consisted of specimens 2 x 
6 in. with three spot welds spaced 2 in. 
apart. They were inclined at an angle of 
30 deg. facing south. At the end of one 
year’s exposure, there was a slight pitting of 
the low-alloy steel and rust accumulation 
in the unprotected joints. The corona 
fusion zone around the low-alloy 
Type A and Type B spot welds had erack- 
ed and penetrated the weld nugget a very 
13 (a). 
No cracks were present in the Type C and 


steel 


short distance as shown in Fig 
Type D combination stainless steel and 
low-alloy steel spot welds shown in Figs. 13 
(b) and 13 (« 

In the specimens made with spot-weld 
fillet of 
squeezed out around the faving edges of 


sealer, the sealer which had 
the joints while welding still remained in- 
tact at the end of one year’s exposure. 
However, the thin layer of sealer inside 
the joint had shrunk leaving thin veins 
of exposed metal. No corrosion occurred 
inside the faying surfaces, and the spot 
welds were completely protected as shown 
in Fig. 14 (a) 

A similar type of low-alloy steel weld 
with sealer in the joint was examined after 
56 months exposure. In this case, there 
was no apparent attack of the faying sur- 
faces of the joint, but the corona fusion 
zone had cracked and started to penetrate 
the weld. This is shown in Fig. 14 (b) 
with an enlarged view of the crack in Fig. 
14 (c). There was visible rusting at the 
tiny porous spots in the sealer inside of the 
joint. However, the joint was still intact 
after 56 months exposure, while similar 
low-alloy steel joints without sealer had 
failed completely after 41 months ex- 
posure. For best results, the combination 
of spot-weld primer and sealer would be 
recommended. 


Stressed by Constant Deflection 


The constant deflection specimens in- 
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(a) Small crack has started into right side of weld nugget after 6-mo exposure. 7 x 


(b) Appearance after l-yr exposure. 7 


Fig. 10 


Corrosion cracks in low-alloy steel spot welds resulting from alternate 


immersion and drying in a salt solution 


(a) Corona fusion zone and weld cracked. 7 


(6) No cracks present. 7 X 
Spot welds joining stainless steel to low-alloy steel after 1 yr of alterhate 
The weld shown in (a) was purposely 
The weld 
shown in (b) is made by a special procedure developed for dissimilar metal joints 


Fig. 11 


immersion and drying in a salt solution. 
made to mix the dissimilar metals in order to obtain a brittle weld. 


cluded the Types A, B, C and D joints 
prepared in the same way with identical 
material as the unstressed atmospheric 
corrosion samples described above. How- 
ever, they were approximately 18 in. long 
wide, with six spot welds 
addition, one 


and in. 
spaced 3 in. apart. In 
stressed specimen of each type of joint was 
welded with average current with a pro- 
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prietary sealer in the joints. The speci- 
mens were clamped as a cantilever beam 
in a horizontal plane with a special fixture, 
as sketched in Fig. 15, and deflected on the 
other end by means of a stainless steel 
wire and turnbuckle arrangement. The 
bottom member of each specimen, which 
is on the compression side, was slightly 
longer and wider than the top member in 
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Fig. 12 General “— of atmospheric corrosion site at the Pullman-Standard 
Car Manufacturing Co.’s Chicago Plant 


(a) A small crack has just started into the i side of the low-alloy steel, Type B-2 spot weld. 
x 


bi 


(b) Neo present in 


steel and low-alloy steel, Type C-2 joint, spot 
x 


welded to mee 3 produce a brittle weld. 


(ce) No in combination stainless steel and low-alloy steel, D-2 joint, spot 


y special procedure t 


© produce in a fusion type of we 


Fig. Appearance of unstressed atmospheric corrosion specimens I- 


exposure. 


r 
Spot welds were made without any sealer in the joints. slight 


pitting of the low-alloy steel and accumulation of rust in the joint are poets 
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order to locate the faying surfaces of the 
spot welds above the neutral axis. The 
deflecting force was applied to the end of 
the bottom member, so that there was a 
tendency to pull the specimen apart. 
This permitted the top member to expand 
freely. The wider bottom member served 
as a ledge to trap and retain moisture in the 
joint. 

One specimen of each type of joint 
welded with average current was placed 
horizontally in the rack without any bend- 
ing load applied to the end. 
done in order to observe the rate of cor- 
rosion cracking with and without exter- 
nally applied loads on the specimens. The 
desired load was determined with SR-4 
strain gages placed on the material before 
spot welding. For the specimens made 
of 0.125-in. material on the bottom and 
0.075-in. material on top, the 
tensile stress between the spot welds on 
the top surface was 2200 psi. A deflection 
of 2 in. produced a maximum stress of 
55,000 psi at the point of bending which is 
the yield strength of the material. A de- 
flection of 2*/, in. produced the same maxi- 
mum stress in the specimens of 0.075- to 
0.075-in. materials. 


This was 


residual 


At the end of one year’s exposure, none 
of the constant deflection 
showed any sign of separation or failure. 
A dark reddish-brown rust covered all of 
the low-alloy steel surfaces sufficiently to 
obliterate the spot weld indentations, and 
the faying edges appeared rusted shut. 
The underneath side was covered with a 
loose flaky rust. 


specimens 


At the end of 15 months exposure, the 
Type A-1 and the Type B-1 low-alloy steel 
joints spot welded with a low welding cur- 
rent failed completely by separation. The 
same types of joints welded with average 
current failed at 41 months of exposure, 
while those welded with high current had 
not failed after 57 months of exposure. 
Evidently, the rate of failure is propor- 
tional to the size of the welds, which are 
listed in Table 2. On the other hand, with 
the exception of one weld on the Type C-3 
joint, none of the combination stainless 
steel and low-alloy stee] joints had failed 
after 57 months exposure, indicating that 
the bimetallic couple does not accelerate 
the corrosion rate. The unstressed speci- 
mens reported earlier failed after approxi- 
mately the same length of time as the 
specimens with a bending load; 
rate of corrosion is controlled more by re- 
sidual stresses in the weld and the wedging 
action of the rust in the joint than the 
external load. None of the 
with sealer in the joint had failed after 57 
months exposure. These results are 
summarized in Table 3 

The Type B-2 low-alloy steel joint which 
was unstressed but failed by separation or 
shear across the weld after 41 months 
exposure was examined for corrosion 
cracks. A failed weld was polished on the 
fractured surface, which was the cross- 


so the 


specimens 
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sectional plane between the faying sur- 
faces. The corrosion cracks radiating 
from the periphery toward the center of 
the weld nugget are shown unetched and 
etched in Fig. 16. Again the resemblance 


to stress corrosion cracks reported in the 
literature is readily apparent 

A combination stainless steel and low- 
alloy steel Type C-2 joint which had not 
separated after 57 months of atmospheric 


Table 1—Chemistry and Approximate Physical Properties of Steels for Spot- 
welded Atmospheric Corrosion Specimens 


Steel No 1 
Type Low-alloy, 
rolled, pick 
Thickness, in. 0.082 
Yield strength, psi 
Tensile strength, psi 


Elongation, % 20 

Analysis, % 
G... 0.118 
Mn 0.37 
P 0.133 
0.033 
Si 0.398 
Cu 0.372 
Ni 0.471 
Cr 0 816 


50,000 min 
70,000 min 


2 3 
hot- Low-alloy, hot- AISI Type 302, 
led rolled, pickled 18-8 stainless 
0.124 0.072 


50,000 min 
70,000 min 
2 


55,000 min 
100 130,000 


) 30 
0.12 0. 103 
0.39 0.70 
0.111 0.026 
0.03 0.006 
0.370 0.393 
0.364 
0.336 4 18 
0.844 19.03 


exposure Was cross sectioned for examina- 
tion. Cracks were found in the welds 
and one weld was almost completely 
cracked as shown in Fig. 17; therefore, the 
entire joint would have failed soon. An 
adjacent spot weld was cross sectioned at 
the faying surfaces in order to show the 
stress corrosion cracks in Fig. 18(a)and Fig 
18 (6). The similarity with the cracks in 
low-alloy steel welds in Fig. 16 is readily 
apparent. Even though the dissimilar 
metal spot weld is highly alloyed, the com- 
position of the weld did not prevent crack- 
ing but only retarded the rate of corrosion 
cracking. 


Stressed by Constant Bending Load 


These specimens were of identical size, 
welded the same and mounted in a fixture 
similar to the constant deflection test 
specimens. However, a weight was hung 
on the end to deflect the specimen and thus 
maintain a constant force as the specimen 


Table 2—Types of Spot-Welded Joint 


Joint Combination 
type of steels 
A-l No. 1 and No 
A-2 
A-3 
B-1 No. | and No 
B-2 
B-3 
C-1 No. and No. 
C-2 
C33 
D-1 No, 2 and No 
D-3 


s for Atmospheric Corrosion Tests and Average Shear Strength of Individual Spot 


Welds 
Shear 
Weld strength, 

current lb 
Low 3620 
Average 5720 
High 6970 
Low 1640 
Average 6340 
High 7320 
Low 3930 
Average 1990 
High 5700 
Low 6000 
Average 6340 
High 7580 


Weld 
diameter, 

mn, Type of failure 
0.218 Partial plug 
0.359 Double plug 
0.468 Double plug 
0.218 Shear 
0.359 Double plug 
0.453 Double plug 
0.250 Shear 
0.312 Double plug 
0.343 Double plug 
0.359 Shear 
0.359 Partial plug 
0.421 Partial plug 


Table 3—Atmospheric Corrosion of Spot-Welded Joints Stressed by Constant 
Deflection 


Joint Weld 
type current in 


(A) As-welded, w 


Deflection, 


Test results 


ithout spot-weld sealer 


A-l Low 2?/s Shear failure, 15 months 
A-2 Average 23/s Shear failure, 41 months 
A-3 High 2?/s No failure, 57 months 
B-1 Low 2 Shear failure, 15 months 
B-2 Average 2 Shear failure, 41 months 
B-3 High 2 No failure, 57 months 
C-1 Low 23/5 No failure, 57 months 
C-2 Average 2?/s One spot weld failed, 57 months 
C-3 High 2?/s No failure, months 
D-1 Low 2 No failure, 57 months 
D-2 Average 2 No failure, 57 months 
D-3 High 2 No failure, 57 months 
(B) As-welded, with spot-weld sealer 

\-2 Average 23/5 No failure, 57 months 
B-2 Average 2 No failur 7 months 
C-2 Average 2?/s No failur months 
D-2 Average 2 No failure, 57 months 


(C) As-welded, without spot-weld sealer, 


A-2 Average 0 
B-2 Average 0 
C-2 Average 0 
D-2 Average 0 


and without external stress applied to speci- 
mens 

Shear failure, 41 months 

Shear failure, 41 months 

No failure, 57 months 

No failure, 57 months 
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corroded. Actually, two sizes of weights 
were used on each type of specimen; one 
weight gave the same deflection as the con- 
stant deflection specimens and the other 
was lighter in order to provide a maximum 
fiber stress of approximately 80°7 of the 
vield strength. However, the results of 
these tests were difficult to assess because 
of their erratic behavior. As corrosion 
progressed, the specimens kinked instead 
of maintaining a uniform bow. 


Stressed by Constant Shear Load 


In order to apply a more direct load at 
the faying surfaces of the spot weld, a ten- 
sile shear specimen rack was designed and 
used to test spot welds in atmospheric eXx- 
posure. The load fixture and specimens 
are shown in Fig. 19. Lap shear speci- 
mens, 1'/: in. wide, of the same material 
combination used in the constant deflee- 
tion tests were spot welded at low, average 
and high welding currents to obtain a 
group of specimens with average shear 
None of 


these specimens contained a spot weld 


strengths as shown in Table 2. 
sealer. Three lapped shear specimens of 
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each material combination were connected 
together and placed in a vertical position 
in the corrosion fixture. Since the lowest 
average shear strength was 3620 lb, a 
shear load of 3000 lb was selected as the 
stress load for the spot-welded samples. 
Actually, a calculated load of 3036 Ib was 
applied by weights on a lever arm, bal- 
anced on a knife edge and vee arrange- 
ment, and transmitted to the samples 
through a universal joint arrangement in 
order to obtain a direct tensile*shear load. 


(2) Lew-alley —~ Type om the external The low-alloy steel joints made with low 


welding currents, Types A-1 and B-1, 
failed by shearing after an exposure of 2 
months and 7'/, months, respectively. 
The appearance of the shear failure at the 
faying surface of the weld in Specimen A-1 
is shown in Fig. 20. The corrosion attack 
had completely penetrated the corona id 
fusion zone around the weld and entered 
for a slight distance into the weld nugget 
before weakening the weld sufficiently to 
fail by shear. 

In the shear loaded specimens, the verti- 
cal position and a tendency, for the joint 


(b) Lew-alloy steel, Type A-2 joint after 4'/:-yr exposure. Very slight corrosion attack of the m 
faying surfaces has cracked the corona fusion zone and started to penetrate the weld to open around the single spot weld pre- 


vented the build-up of corrosion products 
sufficiently to cause failure. Therefore, 
the time required for failure was increased 
as evidenced by Table 4. For example, 
Specimen A-2 failed after 52 months ex- 
posure and B-2 had not failed after 57 
months, while similar joints exposed under 
constant deflection failed after 41 months. 
However, the plug type of failure which 
occurred in the shear loaded specimens 
may be another reason for the increased . 
life. The plug type of failure involves 
considerably more material than the shear 
type of failure. This can be seen in Fig. 
21 showing photographs of a plug type of 
failure in Specimen A-2. 

The combination stainless steel and 


(ce) ‘Enlarged view of corrosion crack entering the corona fusion zone of the weld in (b). 100 low-alloy steel joint, Specimen C-3, also 
Fig. 14 Appearance of unstressed atmospheric corrosion specimens spot welded separated after 52 months exposure while 
with sealer in the joints 


stressed with a constant shear load. This 
was a plug type failure, as shown in Fig. 22 
which pulled a hole out of each member. 
This hole in stainless steel member was 
cross sectioned in order to examine the 
path of the fracture. As shown in Fig. 23, 
the crack entered the weld nugget for a 
short distance and then traveled up 
through the weld at right angles to the 
faying surface. e 
fr SPOT WELDED SPECIMENS Since the cracks follow an intererystal- 

*G" THROUGH SEALER line path through the weld as illustrated 
pes in Fig. 23 (6), the mechanism of fracture is 
0° WITHOUT SEALER believed to be stress-corrosion cracking. 


“F* WITHOUT SEALER These cracks followed preferential paths 
( SPECIMENS NOT STRESSED) 


which are believed to be anodic with re- 
spect to the adjacent areas. In addition 
to the intererystalline corrosion, stress was 
applied to the weld by residual stresses 
induced during welding and by externally 


Fig. 15 Test fixture for atmospheric 
corrosion specimens stressed by con- 
stant deflection 
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out any spot-weid primer or sealer, may 
start to crack at the edge of the welds 
after one year of atmospheric corrosion, 
and fail completely after 3'/: years ex- 
posure. A proprietary sealer in the joint 
retards the start of corrosion cracking be- 
yond 4'/, years. The ultimate in pro- 
tection is the use of both spot-weld primer 
and sealer in each joint. Additional pro- 
tection may be provided by a tempering 
treatment in the spot-welding machine as 
described in the report. This treatment 
reduces the hardness of the weld and its 
susceptibility to stress corrosion cracking. 


Another method of reducing susceptibility 
> to cracking is the fusion procedure for spot- 
welding stainless stee] to low-alloy steel 
T.. : without producing a brittle weld nugget 
Incidentally, there was no increase in cor- 
‘ rosion rate as a result of the bimetallic 
nt couple produced by the dissimilar metals 
NY ; The data reported here serve as a stand- a 
ty ard for comparing the resistance to at- ; 
mospheric corrosion Of various spot-weld 
: primers and sealers which are currently i 
being tested. These include tests of : 
thetic laequer vehicle. According to 
Mayne,’ maximum cathodic protection is : 
afforded only by zine dust in paints, since ; 
the formation of a nonconducting oxide 
skin on aluminum pigment and magnesium ; 
dust in paints prevents the necessary 3 
metallic contact. H 
The mechanism of the corrosion process F 
resulting in the failure of low-alloy steel 
spot welds involves many factors. The 3 
effect of corrosive solutions which may E 
drain and colleet at spot-welded joints is 
not simply the dissolution of the metal at 
the joint by chemical attack. The most 2 
serious effect is the destruction of certain : 
protective paint and caulking compounds, § 
It was demonstrated that a dilute acid 
(6b) Same as (ce) but unetched. 18 (ce) Enlarged view of cracks. 60 solution would not penetrate into a welded 4 
Fig. 16 Stress corrosion cracks in low-alloy steel spot weld which failed by shear joint sufficiently to corrode the spot weld ¢ 
across the weld after 41-mo atmospheric corrosion. Type B-2 joint without . : . : 
sealer welded with average current and tested pee RO to compare rate of periphery without first weakening the par- ; 
corrosion cracking with stressed specimen ent metal to the point of failure. However, J 
once the protective coating at the edge of 4} = 
the joint is destroyed, ordinary atmos- i 3 
applied stresses. Furthermore, since both An advantage of the superior corrosion pheric exposure can produce sufficient . 
the cracks involved in shear and plug type resistance is manifested by much better corrosion in the joint to cause failure of a 
: failures of structural spot welds are similar adherence and life of protective coatings. the welds. 
in appearance, both are believed to be a Unprotected low-alloy steel joints, with- 
result of stress corrosion. 
SUMMARY AND DISCUSSION Table 4—Atmospheric Corrosion of Spot-Welded Joints, Stressed by Constant 
Shear Load 
Service failures of structural spot welds Soins Weld Shear 
from atmospheric corrosion are usually type current load, lb Test results 
represented by a plug type failure. Oc- (A) As-welded, without spot-weld sealer 
easionally, the welds fail by shearing at the 4-1 Low 3036 Shear failure, 2 months 
faying surfaces of the joint. These fail- A-2 Average 3036 Plug type failure, 52 months 
ures may be attributed to inadequate joint A-3 High 3036 No failure, 52 months 
preparation and improper maintenance in + Low 3036 Shear failure, 7'/: months 
: -2 Average 3036 Plug failure starting, 57 months 
service. R ‘ : B-3 High 3036 No failure, 57 months 
The superior corrosion resistance of C-1 Low 3036 No failure, 52 months 
spot-welded joints in low-alloy high- C-2 Average 3036 No failure, 52 months 
strength steel was shown by the atmos- C-3 High 3036 Plug type failure, 52 months 
pheric corrosion tests of spot-welded and D-1 Low 3036 No failure, 57 months 
riveted joints in low-alloy steel, copper- D-2 Average 30336 No failure, 57 months 
- : P / D-3 High 3036 No failure, 57 months 
bearing mild steel and plain mild steel. 
4 
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Once rusting has started in the joint, 
this rust is capable of holding moisture for 
ong periods of time. In all probability, 


the actual process of corrosion in the joint is 
by an oxygen concentration cell action. 
The moisture in the rusting joint is sat- 


(a) Corrosion cracks almost completely across weld. 


10 x 


(b) view of crack shown above 
t edge of weld. 25 x 


bination st 


Fig. 17 Stress corrosion cracks in « 


steel and low-alloy 


steel joint which had not failed completely after 57-mo of atmospheric corrosion. 
This is a Type C-2 joint without sealer and stressed by constant deflection. 
Eventual failure could be expected in a short time 


urated with oxygen at the outside and 
low in oxygen inside the joint. The metal 
in contact with the solution at the low 
oxygen concentration is anodic to the high 
oxygen concentration portion, and there- 
fore, corrodes preferentially. 

The process of wetting and drying ac- 
celerates the spreading of the joint. The 
rust formed during wetting expands and 
hardens during drying, so that the joint is 
spread a slight amount. The next wetting 
penetrates farther into the joint. Thus 
a thin, hard wedge of rust drives itself up 
to the spot weld. The low-alloy steels 
form a hard, tight rust which is a primary 
reason for their good atmospheric corrosion 
resistance. However, this property is 
harmful inside a joint because of the extra 
pressure developed. 

A small zone of partial fusion, commonly 
called the corona fusion zone, exists around 
the spot weld periphery at the faying sur- 
faces of the joint. The expansion of the 
joint resulting from the wedge of corrosion 
products readily cracks the corona fusion 
zone. Thus, a sharp notch is formed pro- 
viding entrance into the weld nugget. 
The concentrated stresses at this location 
combined with a corrosive medium, de- 
velops a stress corrosion crack. If the 
stresses are developed only by the expan- 
sion of rust, the crack enters the weld to 
produce a shear type of failure. If addi- 
tional stresses are applied, then the crack- 
ing may circumvent a portion of the nug- 
get to produce a plug type failure. In 
either case, cracking occurs by preferential 
corrosive attack along the dendritic planes 
in the weld structure. 

In general, the rate of corrosion failure 
of low-alloy steel welds is proportional to 
the size of the welds. The effect of an 
external stress applied as a bending load 
was negligible on the rate of corrosion. 


(a) Wx 


Fig. 16 
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(b) Enlarged view. 37 x 
Fig. 18 Stress-corrosion cracks in combination stainless steel and low-alloy steel spot weld similar to Type C-2. 
was cross sectioned at Oe eine eager in order to show cracks similar to those found in low-alloy steel weld in 


The 


was adjacent to the one illustrated in Fig. 17 


Karnisky, et al.—Corrosion Spot Welds 


Tue WELDING JOURNAL 


’ 
be 
— 
— 
* 
— 
la 
et 
\ 


WELD SPECIMENS SPOT WELDING CURRENT The same is true of the externally applied 
8-1,2,3 8-4,5,6 8-7,8,9 B-10,11,12 fe shear load except in the case of undersize 
| welds made with low currents. Evidently, 
the residual internal stresses resulting from 
the rapid quenching of the weld are suffi- 
ciently high to induce stress corrosion crack- 


ing without an external stress. Corrosion 


Fig. 19 Atmospheric 
fatigue probably plays an important part 


corrosion of spot- 


5 

2 = 


] ‘ weld specimens in the failure of spot welds in service, but 
| f —— by — it was impossible to determine this with 
shear toac 
y the flexural type of fatigue test. In the 


dissimilar metal spot welds joining stain- 
less steel to low-alloy steel, the highly 
alloyed weld nugget reduced the rate of 
: corrosion cracking to some extent but did 
= not prevent it. However, the fusion type 


des 


_ of weld joining these dissimilar metals 
showed no sign of corrosion cracking after 

4 '/, years of exposure 


Fig. 21 Plug type of failure aftér 
52-mo atmospheric corrosion while 


Fig. 20 Corrosion cracking of low-alloy steel spot weld after 2-mo atmospheric stressed by constant shear load. 

exposure while stressed by a constant shear load. This is Type A-I specimen Specimen A-2, low-alloy steel spot 

looking at the faying surface. Corrosion penetrated the weld a short distance welded with average current without 
until it was weakened sufficiently to fail by shear any sealer 


(a) Hole pulled in stainless steel by plug type failure. Faying surface (b) Faying surface of low-alloy steel portion of joint with plug type of 
is shown 
Fig. 22 Plug type of failure after 52 mo of atmospheric corrosion while stressed by a constant shear load. This is 


specimen C-3, combination stainless steel and low-alloy steel, spot welded with highjcurrent without any sealer 
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steel portion of weld 


(b) Enlarged view of fracture at right showing preferential path of (e) eorenbentien showing fracture “ -¥ the dendritic pattern 
crack. 1 x n corner of weld. 100 


Fig. 23 Path of fracture of the plug-type stress corrosion Jellure shown in Fig. 22 
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The difficulty of protecting spot-welded 


joints to withstand many years of atmos- 
pheric corrosion in service is well recog- 


See—the Welding Industry's newest products designed 
to cut cost and speed production— 


in Houston—June 16-19, 1953 
(see page 989) 
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Hard-Facing Alloys of the Chromium Carbide Type 


§ Engineering properties of deposits of high-chro- 
mium iron in which carbon and chromium combine 
to provide a considerable volume of hard carbides 


by Howard S. Avery and Henry J. Chapin 


Abstract 


High-chromium irons, in which carbon and chromium combine 
to provide a considerable volume of hard carbides of the Cr;C 
type, have long been used for wear resistance as castings and as 
welded overlays, They may have pearlitic, martensitic, aus- 
tenitic or mixed matrix structures. 

This paper summarizes data on their engineering properties, 
including hardness, abrasion resistance, erosion resistance, 
oxidation resistance, hot hardness, creep resistance, compression 
strength and behavior under impact. 

The austenitic 30% Cr hard-facing alloy is usually gas welded 
with a reducing flame that tends to increase carbon in the de- 
posit. These welds have excellent resistance to erosion or low- 
stress scratching abrasion. They are only mediocre in resisting 
high-stress grinding abrasion. The chromium level provides 
good scaling resistance and their fair hot hardness up to 1000° F 
also makes them suitable for some hot wear applications. This 
grade is relatively insensitive to minor composition changes 
and nearly all gas weld deposits will have a hardness of Rockwell 
C56 + 5 and erosion resistance from 20 to 50 times that of mild 
steel, 

The martensitic irons of the HC250 type can be heat treated 
for machining and then rehardened, which makes them especially 
adapted to certain hard facing and casting applications where 
the austenitic grades that do not respond to heat treatment 
cannot be used. The hardness range is greater than that of the 
austenitic grade while erosion resistance is about the same. 
Where high-stress abrasion is involved the hardened HC250 is 
superior. However, the welding behavior of the austenitic grade 
is preferred by many operators, 

Except where hot hardness above 1000° F and creep resistance 
are needed, or where high stress abrasion occurs, the austenitic 
chromium irons are desirable substitutes for the 2.5% carbon 
chrome-cobalt-tungsten hard-facing alloys. They cost less 
and frequently will out perform the latter. 


INTRODUCTION 


HROMIUM carbide hard-facing alloys occupy an 
important place in the hard-facing field. They are 
the preferred materials for solving many wear prob- 
lems, but since they give poor or mediocre per- 

formance in other situations, it is well to understand 
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them thoroughly. This paper describes these alloys 
and presents many of their pertinent properties to aid 
those who wish to select wear-resistant alloys effectively. 

The compositions in this group are essentially high- 
chromium cast irons and have been used for wear 
resistant castings as well as for hard facing. This is 
worthy of note; since such interchangeability provides 
engineering flexibility that sometimes leads to impor- 
tant savings. 

The most common grades contain from 25 to 32% 
chromium with several per cent of carbon. Their 
structures contain considerable amounts of the tri- 
gonal chromium carbide, (Cr, Mn, Fe);C;. The matrix 
structures of these irons may be austenitic, pearlitic 
or martensitic. The matrix has considerable influence 
on wear resistance, especially if high stresses are imposed 
on the micro-constituents. For low-stress abrasion 
(erosion) the volume and hardness of the carbides are 
important and the austenitic grade with carbon near 
5% has been quite satisfactory. This is exemplified 
by field use on agricultural machinery working in 
sandy soil. 

However, if high microstresses are imposed on the 
hard but brittle carbides, the wear resistance may be 
poor unless they are supported in a strong matrix. 
Only the martensitic type seems to provide this. High- 
stress grinding abrasion then requires that heat treat- 
ment of a high-chromium iron produce martensite for 
good wear resistance. The hardenable type is desig- 
nated as HC250 herein, following the Alloy Casting 
Institute system. The austenitic and the hardenable 
alloys will be discussed in separate sections, though in 
some applications they are interchangeable. 


AUSTENITIC CHROMIUM IRON 


The austenitic high-chromium iron, covered by AWS 
designation I-C-1 (1950 Wretpine Hanpsook), charac- 
teristically carries about 6% manganese and 2% silicon. 
These alloys contribute to welding behavior but produce 
such stable austenite that the alloy is not considered 
amenable to heat treatment. 
this hard facing type* recommended 2.0% carbon, 


The original patent on 


* U.S. Patent 1,671,384 dated May 29, 1928 
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’ Fig. 1 Austenitic 30% chromium iron hard facing. Etchant: 1% picral and 5% HCl. 500 
(a) Four-layer, * «to | «in. thick oxy-acetylene weld deposit of 3.30% carbon, 6% Mn, 2% Si and 30% Cr alloy. The constituents are CrC) type 
carbides (VPN about 1770) in a matrix of austenite and smaller carbides. Rockwell hardness: C53. Area shown is 0.125 in. above weld junction with 
base metal. 
(b) Three-layer, | «in. thick oxy-acetylene weld deposit of 5.00% C. 6% Mn, 2% Si and 30% Cr alloy. The constituents are CrC, type carbide. 
(VPN about 1690), «maller carbides and an austenite matrix (VPN about 360). Note the greater volume of large carbide crystals at this carbon level. 
Rockwell hardness: C60. Area shown is 0.083 in. above weld base. 


Fig. 2 Austenitic 30% chromium iron hard facing. Etchant: 1% picral and 5% HCl. 500 
(a) Three-layer, ' -in. thick oxy-acetylene weld deposit. Rockwell hardness: C55. Area shown is 0.1075 in. above weld base. 
(6) Six-layer, '/s-im. thick oxy-acetylene weld deposit. Rockwell hardness: C57. Area shown is 0.375 in. above weld base. Rod composition: 
© 4.43%, Mn 6.9%, Si 2.1% and Cr 30.4%. Constituents are CrC; type carbides (VPN 1730) and ite ¢ ini Her carbides. The Vickers 
fi di i d the relative hardness of the constituents. 


Fig. 3 Austenitic 30% chromium iron hard facing. Etchant: 1% picral and 5% HCl. 500 x 
(a) Three-layer, */-in. thick, 28-v, 150-amp, arc weld deposit. Rockwell hardness: C54. Area shown is 0.190 in. above weld base. 
(b) Six-layer, '/s-in. thick, 28-v, 150-amp, are weld deposit. Rockwell hardness: C57. Area shown is 0.187 in. above weld base. Rod composition. 
Cc 0% Mn 6.9%, Si 2.1% and Cr 30.4%. ay ee are CriCy type ——_ (VPN 1535) and a granular matrix of austenite and fine carbides. 
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8.0% manganese, 2.0°% silicon and 29.59 chromium. 
Subsequent experience has operated to raise the carbon 
thus increasing the volume of the hard 
present and slightly raising the over-all 
hardness. An important effect of the higher carbon 
levels is a relatively long melting range within which the 
This makes possible high bead con- 
When 


surfacing near edges, this effect is helpful in precisely 


to near 5%, 
carbides 


alloy is mushy. 
tours and shaping of the deposit by hot wiping. 


positioning the deposit. 


Metallography 


Weld deposit structures typically consist of roughly 
hexgonal shaped spines of chromium carbide set in a 
matrix of austenite that also contains many smaller 
carbides. Figure 1 and something of 
the relative volume of the large carbide crystals in 


shows these 
relation to carbon content. 

Figures 2 and 3 show structures of an intermediate 
sarbon level as affected by weld deposit thickness and 
welding method. The most obvious difference is the 
finer texture of the matrix aggregate of austenite and 
fine carbides in are welds, which is attributed to their 
usually more rapid cooling rate. There is also an 
opportunity for dilution from base metal admixture, 
which causes fewer of the large carbide crystals to 
appear, as in Fig. 3 (a). The first layer of an are weld 
may differ considerably from the nominal hard facing 
composition. 

These structures were obtained from welds made on 
1'/e x 2'/, x 1'/s-in. blocks of SAE 1020 steel using 

16 in. diameter rods and represent a standardized test 
condition. 
the various field ccnditions in describing the metallog- 
raphy, but those that appear here are reasonably rep- 
resentative of gas welds and of are deposits that have 
suffered little or only moderate dilution. 

Identification of the large carbides was based on 
X-ray diffraction patterns, which match best with the 
(Cr, Fe);C; carbides of Goldschmidt’s reference data.! 
Manganese carbide, Mn;Cs, is reported to be virtually 
identical in structure and it seems likely that iron, 


It is obviously impractical to duplicate all of 


chromium and manganese are all present in the com- 
pound, with chromium as the dominant element. The 
diffraction patterns showed little or no evidence of the 
other possible carbides, (or CrosCs) and 
The chromium carbide Cr;C; is quite stable at all tem- 
peratures below its melting point; there is no tendency 
to graphitize as is the case with some others such as 
tungsten carbide (WC) and cementite (Fe,C).* How- 
ever, CrC; will react with steam above 1025° F.4 

The (Cr, Mn, Fe);C; carbides have a VPN* hardness 
Various determinations have given 
106 and 1638 + 127 on 


of perhaps 1730. 
averages of VPNos pm 1676 + 


* Vickers Pyramid Numbers (from hardness tests with a Vickers diamond 
a indenter) have the same mathematical basis as Brinel! Hardness 
Numbers, but with light loads (25 gm in this case) can measure hardness 
well beyond the 700 BHN limit of the Brinell test 
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1743 + 66 
and 1 (b), 


The plus-minus values indicate the 95% 


and 1860 + 101 and 


on cross sections of the carbides in Fig. 1 (a 


longitudinal faces; 


respectively. 
confidence interval as calculated statistically from the 
observed range of The 
bands are such that the differences between averages 
may not be significant. This 
above that of quartz and thus confers resistance to 
materials. ! 


seven observations. scatter 


Cal bide hardness is 


scratching abrasion by most common 
The hard carbides are brittle and fracture readily. 

The austenitic matrix is softer [about 360 VPN in 
Fig. 1 (b)] and somewhat plastic. Precise hardness 
determination is difficult because of the closely associa- 
ted small carbide crystals. However, the austenite 
can be eroded from around the carbides and may not 
give them competent support under conditions of 
high-stress abrasion. 

The austenite, as welded, is rich in dissolved carbon 
Much of it separates out as spinelike crystals of CrrCy 
during cooling, some crystallizes as smaller carbide 
particles, and some remains in solid solution. The 
effect of the high chromium content together with that 
of the manganese or nickel is to so stabilize the austenite 
that it does not transform by usual steel hardening 
reactions. It can precipitate some additional carbide 
in dispersed form during aging heat treatments above 
1400° F, but this hardening is minor and is neglected 
in practical hard facing. A gas 
weld indicated an insignificant change in hardness 
after 24 hr at 1400° F, an increase of about 6Re points 
after 24 hr at 1600° F, and in increase of 1.6Re points 
after 24 hr at 1800° F. The hardness tests were 
replicated sufficiently to establish the statistical signifi- 


cance of these small changes. 


casual check on a 


Hardness 


The as-welded hardness when deposited by the oxy- 
acetylene method will vary with carbon content. The 
average of 104 production quality control tests was 
Re56.1 with a standard deviation of 1.5 and an 
served range of Re51 to 62, representing a range of 4.3 
Macrohardness values such as Rock- 


ob- 


to 5.2% carbon. 
well or Brinell numbers will increase slowly as carbon 
increases. Such figures reflect the greater proportion 
of the hard carbides in the softer matrix but do not 
reliably indicate abrasion resistance 

The variables in are welding lead to a greater range 
in deposit hardness. The base is melted and mixes 
with molten electrode metal: the 
alloy base may easily be half of the first weld bead. 
Such dilution can markedly affect the properties of the 
In multiple layers this effect is progressively 
Some hardness values from three layer 


low-carbon, low- 


deposit. 
diminished. 
deposits appear in Table 1. 

Note that the weld deposit compositions of the five 
lots differ appreciably, which may be attributed to the 
fact that there is as yet no standardized specification, 
to the probable differences between individual heats 


the variables of welding. data were 


The 


and to 
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Table 1—Hardness of Some Arc-Weld Deposits of High-Chromium Irons (Ref. 5) 


Chemical analysis of weld deposit, % 
Si Ki 


4.01 


2.02 
2.69 


0.46 


0.22 1 
0.19 
Average of five lots: 
First layer 
Second layer 
Third laver 


Estimated standard deviation 
Triplicate coupons std. deviation 


gevage hardness 
—Rockwell C ——Rockwell Ct 
2nd 3rd Ist 2nd 
layer layer layer layer 
55 56 


Brinel!* 
hardness, ° F 
70 850 
614 583 52 
455 53 
413 47 
404 46 


41 49 


3rd 
la yer 


st 
layer 


55 
55 
53 


55 
489 5 


461 50 


From all deposits 
5.2 


7.5 


* Data from U. Naval Engineering Experiment _ 
t Data from Thesdore Gaynor of Bethlehem Steel ( 


subjected to statistical analysis by B. B. Day, who 
concluded that the BHN (at 70° F) differences between 
lots, except E and G, were probably significant. Lot 
5A is unusually high in silicon, lot G uses nickel instead 
of manganese an austenite stabilizer end lot Hb 
elongs to the hardenable HC250 type described later. 
The average hardness increases with each of the three 
ayers. However, experimental errors were so large 
hat only the difference between the third layer BHN 
nd the others is statistically significant. The Rock- 
vell hardness trends are inconclusive. The observed 
catter emphasizes the variability of are weld deposits. 
Besides dilution, electric welding may change compo- 
oxidation of carbon and other elements in 


as 


ition by 
he are. These changes are serious for some alloys 
yut are usually unimportant for this class. However 
uch variability can best be avoided by using oxy-ace- 
viene welding. 

Since dilution is not expected in normal gas welding, 
he chief variable is carbon absorption from the flame. 

Vith the recommended 3X feather to cone or 3:1 
atio flame** adjustment, a pick-up of 0.4% carbon 
has been observed if the rod is on the low side of the 
carbon range. With the rod near 5% carbon a neutral 
flame can slightly decarburize the deposit. 


*Swenson's paper provides sketches illustrating flame adjustment, 
tip size considerations and general welding technique instructions 


Hot Hardness 


Hardness falls slowly with temperature up to about 
800-900° F and thereafter falls rapidly and also becomes 
strongly affected by creep. At 900° F the instantaneous 
hardness is about Re43 and 3 min under load will 
cause an apparent drop to near Re37. At 1200° F 
the instantaneous value may be no higher than Re5 
and the apparent loss due to creep in 3 min may be as 
much as 45 points on the “C’”’ seale. However, the 
loss of hardness due to tempering is negligible in com- 
parison with many martensitic alloys, and the drop in 
hardness shown by hot testing is practically recovered 
on cooling to ordinary temperatures.’ 

Some hot hardness charts appear in a previous publi- 
Recent tests on gas and arc welds appear in 
In noting the marked difference between gas 


cation.” 
Table 2. 
and are welds, it should be recognized that arc welding 
is usually associated with loss of some carbon as well 
as over-all dilution by fused base metal. 

The marked loss in hardness above 1000° F should 
be remembered in selecting hard-facing alloys. At and 
above 1200° F the chrome-cobalt-tungsten alloys’ 
have a well-established superiority. Below 1000° F 
they seldom can outperform the austenitic chromium 
iron or other more appropriate and less expensive alloys. 


Table 2—Hot Hardness of Austenitic High-Chromium Iron Weld Deposits 


Chemical composition of welding rod: 
70° F 
before and after 

hot test 0 


Specimen status (all specimens 
stabilized by holding at test 
temperature for 24 hr before testing) 


Six-layer gas weld, */, in. thick 


Three-layer gas weld, */\« in. thick 
Six-layer are weld, */, in. thick 


Three-layer are weld, in. thick 


C 4.43%, 


— “At 1000° F, minutes under load—~ 


Mn 6.90%, Si 2.09%, Cr. 30.4% 
~Rockwell “C” scale hardne. - -- 
'1200° F, minutes under load 


0 1 2 


2 7 1 -4 


14 —6 —12 —15 


6 —27 —33 


Too soft for valid measurement 


Nore: 


920 


Structures of these deposits are shown in Figs. 2 and 3. 
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A *3.17 
D “416 5.44 0.78 (97.7 
Ps E *3.42 4.32 0.73 29.3 
42 55 5l 
| G *3.45 0.51 4.57 28.7 50 
| 48 52 52 
ae Hb *2.58 0.44 24.7 436 368 P| 51 
0.50 28.5 35 51 51 
448 386 : 
aa? 520 456 
557 492 
30.4 77.8 
43.0 = 
|| 
j 
i 
iu 
a 
‘ 
~ 
1 2 4 
57/57 40 37 36 34 
58/57 
ed 57/57 38 35 34 33 : 
55/54 
a 58/56 37 27 25 22 
57/52 
58/55 29 23 21 18 
48, 48 
= 


Impact 


This alloy may withstand very light impact without 
cracking, but if blows produce plastic deformation, 
cracks will form readily. It seldom is used under 
conditions of medium impact and is considered quite 
unsuitable for heavy impact. Dynamic compression 
stresses above 60,000 psi should be avoided. 

As an example of behavior under impact, 7/5 in. 
diam by 7/s-in. high cast specimens from 4.15% C 
and 5.0% C alloys were subjected to repeated impact 
blows.'' Cracking appeared after 1000 ft-lb of impact 
on the 5.0% carbon alloy and after 4500 ft-lb on the 
4.15% carbon specimen. Complete failure occurred 
after 1650 and 7000 ft-lb respectively. The speci- 
mens were permanently reduced in height by 0.52 and 
1.54% at the point of failure. This effect of carbon 
has motivated the use of two ranges within the broad 
specification range, the higher carbon for agricultural 
service and the other for industrial use. Where an 
even stronger material of the cast iron type is required, 
the martensitic irons are more appropriate. 


Compression 


The effect of carbon on compression properties is 
parallel to the impact evidence. Table 3 includes 
detailed evidence that explains why the limit of 60,000 
psi is suggested. This is an arbitrary yield strength 
value corresponding to about 0.05% permanent defor- 
mation. A number of such stresses can be absorbed 
before the plasticity in compression is exhausted, but 
stresses higher than this will accelerate cracking by 
quickly using up the ductility available. Also, it 
should be remembered that the tensile yield strength 
may be similar to that in compression. 


Surface Stability 


The high chromium content confers excellent oxida- 
tion resistance up to 1800° F and it can be considered 
for hot wear applications if its hot plasticity is not 
objectionable.2 The matrix chromium content is 
comparatively low, however, and is thus not very 
effective in providing resistance to liquid corrosion. 
The alloy will rust in moist air and is not stainless, 
but it is more stable than ordinary iron and steel. 


Abrasion 


Since this alloy is quite sensitive to several factors, 


it is essential that variables in the field of abrasion 
be recognized. These include abrasive hardness, 
angularity, particle size and the stresses involved. 

Almost any east iron will perform well against soft 
minerals and rocks such as calcite, kaolin (in clay), 
fluorite, limestone and dolomite. Steels also wear 
well against these. However, the commonest abrasive 
encountered is quartz, which is harder than hardened 
steel and thus wears it rapidly. Quartz may even be 
responsible for most of the wear blamed on softer 
material because its presence is not realized. Very 
fine quartz is usually present in clay for example. 

The common occurrence of quartz justifies its use as 
a standard test abrasive. With it, differences due to 
angularity, size and stress can be demonstrated. Two 
standardized laboratory tests*® have been employed 
to produce quantitative data. 

One uses a loose wet abrasive that is ground between 
a circular copper lap and the face of the alloy being 
tested. The chief purpose of the water used is to help 
the flow of abrasive to the wearing face, but it also 
prevents frictional heat from becoming a variable. 
The other test feeds loose dry abrasive to a rubber 
wheel bearing against the specimen. The wheel 
yields to the abrasive, preventing loads from rising 
above the elastic limit of the rubber. The effective 
abrasive undergoes little change in this test, whereas 
in the copper lap device it is ground finer at a signifi- 
cant rate. These two wear patterns have been tenta- 
tively designated as wet sand grinding abrasion and 
dry sand scratching abrasion (orerosion). The grinding 
abrasion test is more severe by a factor of 1.4 for mild 
steel and of 20 for gas welds of austenitic chromium iron. 

The grinding test correlates well with ball mill 
service.” The rubber wheel test correlates with the 
erosion seen in rotary shot and sandblast machine 
blades, and is related to plowing in sandy soil. 

Particle size makes a marked difference in the response 
of some materials. For example, the abrasiveness 
(in the wet grinding test) of a 50 mesh* sand was 10.4 
times that of silica flour against gas welds of austenitic 
chromium iron. In contrast, the coarse sand was only 
1.5 times as abrasive to 1020 steel. Parallel tests with 
coarse sand show a definite superiority of Cr-Mo or 
Cr-Ni martensitic irons over this austenitic type, but 
as abrasive particle size decreases this pattern changes 
until the performance is reversed for silica flour and for 
mixtures of fine sand and clay that simulate “wheat 


* Mesh size is rated by American Foundryman’'s Society Grain Fineness 
Number (GFN) 


Table 3—Compression Test Data for Austenitic Chromium Irons 
(1.5- X 0.400-in. diam specimens from '/,-in. castings) 
Ultimate ~ Deformation* 
compressive Elastic Plastic Total, 
oOo 


Yield strength, Yield strength, 


C,% 0.05% set, psi 0.10% set, psi strength, psi % + % = A RC 
4.09 62,000 86 ,000 286 , 500 1.01 3.42 4.43 55 
4.09 62,000 87 ,000 274,000 0.92 3.40 4.32 54 
4.76 96 ,000 122,000 207 ,000 1.04 1.17 2.21 50 
4.76 70,000 92,000 152,000 0.72 0.37 1.09 52 


* Values at failure as determined from stress-strain diagram. 
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belt” soils.¢ This change is attributed to the lowered 
stress on the abrasive contact point, since four times 
as many particles are theoretically available to carry 
the load when particle size is halved. 

In loose abrasive grinding tests initial angularity is 
not so important since the grinding action quickly 
produces many sharp edges. However, the abrasive- 
ness of quartz can be increased by a factor of about three 
by using crushed flint, which is tougher as well as more 
angular than quartz sand, though its hardness and com- 
position are identical. With much lower stresses that 
‘sannot crush the abrasive, angularity becomes a potent 
variable. With the rubber wheel abrasion test, the 
abrasiveness of angular quartz particles may be 4 or 
5 times that of rounded sand grains. 

A fundamental difference in the two abrasion tests 
that provided the data herein is the stress that is applied 
on a microscopic scale to the abraded surface. The 
cushioning of the rubber wheel keeps this stress low 
while in the grinding test with 50 GFN sand the stress 
rises to at least the crushing strength of the abrasive. 
Under low-stress abrasion ordinary white cast irons 
perform well, though not as well as the austenitic 


t Soil samples from northern Oklahoma and Southern Kansas were 
analyzed to provide these formulations for “‘soil"’ abrasion tests 


chromium iron. Under high-stress grinding abrasion 
they are poor and are inferior to a variety of hard and 
soft steels. Some general comparisons are summarized 
in Fig. 4. 

Wear in these tests is reported as an abrasion factor, 
which is a ratio of weight loss to that of a standard of 
annealed (SAE 1020) mild steel. Small factors indi- 
cate a low rate of wear. To indicate relative merit 
of the different materials the abrasion factor scale is 
inverted in Fig. 4. Also, on the right margin, a ratio 
of merit versus SAE 1045 steel, which is frequently 
recommended as a base for hard facing, is plotted for 
convenience. 

While the two conditions differentiated in Fig. 4 
involve wet and dry testing, this difference should not 
be considered distinctive. Both of the tests can and 
have been operated with and without water. The 
important distinction is the strength of the back-up 
face and the level of stress at the abrasive points that 
it permits. 

Austenitic high-chromium iron has its most impor- 
tant field of usefulness where the dominant wear factor 
is abrasive erosion or low-stress scratching abrasion. 
Successful field applications involving such conditions 
are found in screw conveyors, chutes, feed spouts and 
pipe-line fittings of all kinds where wet or dry abrasive 


02 


03 
04 


= 


treated 


AUSTENITIC 30% CR IRON 
HC 250 a9 welded 

HC 250 heat treated 

INFCR MARTENSITIC IRON 
WHITE CAST IRON | 


HC 250 heat 


gas welded 


arc welded 
gas welded 
gas welded 
Castings 


WROUGHT ENGINEERING STEELS 


ABR 


EXCELLENT 


a8 38 


CR CO-W* ALLOY 2.5% C 
HIGH SPEED STEEL] 


SAE 1020 STEEL STANDARD 


100 factor 
taswelded 
gas welded 


HIGH 


g 


AUST CR IRON 
HEAT TREATED 
TREATED 
NE CR IRON 


CSTG HC 250 
CSTG. ABR 


WHITE Ci 


TRESS GRINDING ABRA 
WROUGHT ENGINEERING STEELS 


RELATIVE WEAR RESISTANCE AGAINST 1045 STEEL 


HIGH SPEED 
STEEL 


EXCELLENT 


¢ 3 


100 factor sree. sto 


& pearlitic 


tance of various hard facing and engineering alloys to low and high stress abrasion 


Avery, Chapin—Hard Facing 


Tue We JouRNAL 


3 
. 
, 
20 
| 
06 
10 
08 
8 
3 10 
6 
| 
4 20 825 ” ” 3 
3 
40 
: 
60 
> 
2 
& 
a 
1.00 
Fig. 4 Comparative resis 
922 
1 


particles are handled. Most agricultural machinery 
parts that wear from soil erosion can be effectively 
protected with this alloy. Pump runners, flotation 
mill impellers, brick and clay plant machine parts, 
and cement mill parts provide many places where such 
hard facing leads to important economies. However, 
the austenitic iron should be selected cautiously if 
impact, grinding or crushing conditions are present. 
As these factors become important the martensitic 
irons are likely to be a better choice, and they in turn 
should give way to martensitic or austenitic steels as 
the impact or stress conditions become more severe. 

The employment of are welding, with its reduction 
in volume of hard carbides as shown in Figs. 2 and 3, 
and as reflected in hardness data in Table 1, may affect 
Haworth, 
who developed the rubber wheel testing technique," 
reports a weight loss spread of 2.6 to 0.35 gm in a 


both abrasion resistance and toughness. 


standardized test with crushed quartzite, the are 
welds showing inferior wear resistance.'? As carbon 
is reduced by dilution, the less expensive arc welds are 
expected to be tougher than oxy-acetylene deposits. 
Understanding of this pattern is helpful in exercising 
engineering judgment. 

Some test data from an experimental aluminum 
oxide grinding wheel test are of interest in relation to 
carbide volume in these high-chromium irons. Though 
the test is not yet well standardized and correlated with 
field performance, it demonstrates a 
pattern different from that of the other abrasion tests 
used in this work and suggested an area where the 
austenitic chromium iron is distinctly superior to the 
hardenable HC250 type that is described later. 

The test employs a 38 grit, '/s-in. wide, 10-in. diam. 


performance 


alundum grinding wheel at 92 rpm abrading a 0.35 
sq in. surface on a small brake-shoe type specimen. 
Abrasion factors are reported versus a 1020 steel stan- 
dard as in the other tests. 
data. 


Table 4 contains pertinent 


Table 4—Resistance of High-Chromium Irons to Grinding 
‘heel Abrasion 


Alundum 


Hardness, grinding wheel 


Material test-d BHN abrasion factor 
Annealed SAE 1020 Steel (test . 
standard ) 107 1.00 
Annealed HC250 casting 375 0.44 
375 0.47 
Hardened HC250 casting (air 683 0.25 
cooled from 2000° F) 683 0.28 
Austenitic chromium iron casting 477 0.066 
(4.15% C, 32% Cr) 477 0.065 


This type of wear is probably related to the gouging"™* 
abrasion frequently observed in the field. However, 
gouging abrasion is so commonly associated with heavy 
impact, that the high-chromium irons are generally 
unsuitable because of the brittleness. 


Metal to Metal Wear 


Frictional wear on metal faces is quite difficult to 
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predict or to measure in the laboratory. Most data 
are from devices that involve some lubrication, which 
has a profound effect. If the mating faces are dry, 
rub in a way that removes dirt, oxide films and the 
like, and are under enough pressure to insure intimate 
contact, there is likelihood of welding. This leads to 
seizing, scoring, galling, scuffing and similar manifesta- 
tions of welding wear. Low yield strength constituents, 
such as austenite, are easily forced into intimate con- 
tact and thus weld easily. External or frictional heat, 
because it lowers the yield strength, promotes such 
welding but may not be necessary to it. 

The austenite of the chromium irons is thus relatively 
susceptible to welding wear, but in contrast the hard 
resist deformation, intimate 
seizing. Thus the practical result may not be predicta- 
ble. If abrasives are present the surfaces tend to 
polish well and a low friction coefficient is expected. 
The carbides are likely to stand slightly in relief and 
thus carry the frictional load unless it is too high. 
Provided the microscopic roughness from this relief 


carbides contact and 


effect is not objectionable good performance is expected 
as long as the abrasive is fine enough to avoid the high- 
stress grinding pattern discussed above. 

Among the metal to metal applications where this 
alloy has been acceptable are tractor clevis connections 
and the like, high-speed drive sprockets; cement mill 
drive shaft bearings and bushings; drag chain links, 
pins, rider blocks and idlers; friction clutches on lumber- 
ing equipment, railway ear retarder parts, steel mill 
guides of various kinds, barrels for wire coilers, pinch 
rolls, wire straightener rolls and piereing points. How- 
ever, this grade is not always best for such parts, and 
critical judgment and careful comparisons are advisable 
when possible. 

Incidentally, mill scale or iron oxide on metal sur- 
faces isa common abrasive. It is not so hard as quartz, 
and its form usually does not allow it to produce high- 
stress abrasion, thus permitting effective use of the 
austenitic chromium irons. In Fig. 5, the protection 
afforded by this alloy permitted handling 63,000 tons 
of bar steel whereas the normal life of an unfaced guide 


Fig. 5 Worn faces of bar mill guides hard surfaced with 

an austenitic high chromium iron. Service life was about 

63,000 tons of bars handled. Normal life of an unfaced 
guide is about 1200 tons 
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was about 1200 tons. Some cracking from thermal 
fatigue has occurred, but this is not serious here.* 

For estimation of welding wear behavior, compres- 
sion data seem to be among the pertinent engineering 
properties. The yield strengths of these austenitic 
irons (Table 3) are lower than those of the martensitic 
irons and steels, about equal to the high-carbon cobalt 
base type, and superior to austenitic steels or the low- 
carbon cobalt and nickel base varieties. 


Machinability 


The deposits are considered commercially unmachina- 
ble with cutting tools and are also very difficult to 
grind. For machine shop use the grinding wheels 
recommended by their manufacturers are aluminum 
oxide abrasive with a 24 grit size, hard (Q) and medium 
spaced resinoid bond for off-hand high-speed work 
and a slightly softer (P) vitrified bond, for off-hand 
low speed use. It has not been clarified why the harder 
silicon carbide abrasive wheels are not recommended. 


Identification 


When welding rods are mixed, this grade can fre- 
quently be identified by (a) brittleness of the cast rod, 
(b) nonmagnetic behavior, (c) its very dull, lifeless 
spark that is short and produced with difficulty, 
(d) sometimes by the presence of fine needlelike Cr;C, 
crystals on a fracture section, and (e) a spot test for 
cobalt will distinguish it from the somewhat similar 


Cr-Co-W welding alloys. The magnetic permeability 
of rod specimens is about 1.03 with a magnetizing force 
of 24 oersteds. The specific gravity is about 7.48. 


Welding Procedure 


Flat position welding with a 3X carburizing or 3:1 
ratio flame® is recommended. The coefficient of 
thermal expansion is about 50% greater than that of 
carbon steels and irons (in round numbers, 10 millionths 
of an inch per inch per degree Fahrenheit). Contrac- 
tion stresses are prone to crack the deposit, and while 
these cracks may do no harm, they can be minimized 
by preheating and postheating techniques. The use 
of a flux may be helpful in dealing with dirt, scale and 
other undesirable surface contamination, but on a 
clean bright metal surface, such as grinding produces, 
flux is ordinarily unnecessary. A peculiarity of the 
6% Mn, 2% Si, 28% Cr alloy is that fluid oxides form 
on the surface of the weld bead during oxy-acetylene 
welding. This slag exerts a mild fluxing action against 
light surface oxides, and assists in multiple-layer welds. 
It appears to be ineffective on a dirty oxidized surface. 
A good bond can be produced on all iron base materials 
provided the base metal is not damaged by the high 
temperature conditions of welding and weld cooling. 
The melting point of the alloy is near 2450° F. 

This alloy has proved very popular for facing agricul- 
tural machinery parts. Plow shares can be considered 
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as a typical successful application because the alloy 
flows well enough to produce a thin-edge deposit and 
the wear conditions in sandy soil are typically those of 
erosion or low-stress scratching abrasion. It is signifi- 
cant that it becomes unsuitable in very rocky soils 
because of the associated impact. 


HARDENABLE CHROMIUM IRONS 


In addition to the austenitic type already described, 
many chromium-iron-carbon alloys have been used for 
hard facing, including those comparable to various tool 
steels. They do not readily develop the Cr7”; type of 
carbides, however, unless chromium is above about 20% 
and considerable carbon is present. These steels 
will, therefore, be omitted from this discussion. Begin- 
ning with perhaps 2% carbon and 20% chromium, a 
series of alloys that may range to 5% carbon and 35% 
chromium is pertinent. 

The basic patent on these irons was issued in 1917 
(U. S. Pat. 1,245,552). They have since proved 
successful'* for many applications involving abrasion. 
The alloy casting industry has averaged yearly (1945 
to 1949) about 190,000 Ib" of castings of this type. 
Data from castings are thus a valuable source of infor- 
mation pertinent to the use of the alloys for hard facing. 
The HC250* composition, with the ranges of 


24-30 
Minimum 


Mn, %... 
Si, %... 
Cr, %... 
Ni, %.. 


2.25-2. 
50-1. 
1. 


has been more popular in cast form but its useful proper- 
ties make it well adapted for hard facing. 

The alloy can be used as welded, but best all around 
wear resistance is obtained by a hardening heat treat- 
ment that produces a martensitic structure in the matrix. 
In this condition the alloy combines the advantages of 
martensitic irons with the hardness of the associated 
chromium carbides. This susceptibility to hardening 
transformations by heat treatment differentiates this 
group from the previously described austenitic irons. 
The 40 to 74% improvement in high-stress abrasion 
resistance as shown in Table 7 is significant. The 
compressive strength after heat treatment is also 
high (Table 11). 


Metallography 


These alloys usually carry only small amounts of 
other alloying elements and stable austenite is, there- 
fore, abnormal. This means that the matrix may exh- 
ibit pearlite, martensite or metastable austenite, depend- 
ing on the thermal history and especially upon cooling 
rates. The associated Cr;C; carbides are in smaller 
volume than the usual austenitic grade because of the 
difference in carbon content. 


* This is an Alloy Casting Institute type designation, the H signifying 
a heat-resistant alloy, the C indicating the 26-30% chromium range, while 
250 is the nominal carbon content (2.5% carbon) with the decimal omitted 
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(a) As-welded (b) 


Annealed (ce) Hardened 


Fig. 6 Hardenable HC250 chromium iron hard facing. Etchant: 1% picral and 5% HCl. 500 x 


Single-layer weld deposit of HC2 
(b) and after hardening (the annealed structure) by air coo! 


Pearlite formation requires very slow cooling, such as 
occurs with heavy castings, unless dilution (from are 
welding) has considerably altered the normal composi- 
tion. Faster cooling is likely to produce a fine, granular 
aggregate of metastable austenite and carbides that. is 
commonly seen in weld depesits and small castings. 
However, by reheating in the range from 1600 to 2200 
F, carbides can be precipitated from or dissolved in 
the austenite, depending on the temperature involved. 
The lower ranges precipitate carbon, thereby changing 
austenite composition, and subsequent cooling produces 
some martensite. The higher temperatures increase 
the proportion of austenite retained after cooling. This 
pattern permits hardening by making the matrix mar- 
tensitic through heat treatment. 

In appearance under the microscope the as-welded 
structure [(Fig. 6 (a)] may be similar to that after 
annealing [Fig. 6 (b)] or after hardening [Fig. 6 (c) ]. 
The matrix character changes, however, as evidenced 
by hardness. The true matrix hardness is difficult 
to determine because of the closely associated carbide 
particles, but the values below indicate the trend: 


Table 5—Microhardness of HC250 Constituents 


Microhardness,* 


Vickers VPN, 25 qm 


Gross hardness, 


Rockwell 


composite structure* Carbide Vatriz 
As-welded 54 L 1707 + 108 4100 — 539 
X 1684 + 87 
Annealed 40 1453 + 194 156 + 48 
Hardened 63 L 1268 125 


= or ce 
X 1759 + 92 935 + 56 


* See Fig. 6. L = longitudinal section 
X = cross section 


Except where an actual range is shown, the values given 
are averages plus-minus a 95% confidence interval, 
usually based on the range of seven readings. 

The difference between gas welds, as illustrated in 
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0 hard-facing alloy after oxy-acetylene deposition (a), after annealing for 24 hr at 1400° F and furnace cooling 
ling from 2 hr at 2000° F (c). The matrix of (c) is martensitic, and this has the greatest 
hardness and resistance to high-stress abrasion of the three structures. 


Fig. 6 and are welds may be profound. Are weld 
behavior cannot be predicted with assurance because 
of the variables, such as are power, bead size and depo- 
sition technique, that are in the hands of the welder, 
but an example can show the trend, as in Fig. 7. Here 
the weld carbon content has been so reduced by dilution 
and oxidation that the massive Cr;C; type crystals 
do not appear. Instead islands and masses of austenite 
occur in the granular matrix of fine carbides and austen- 
ite. In effect, a soft constituent has been substituted 
for the hard carbides, with a loss of abrasion resistance 
and an increase in toughness. How far this effect goes, 
or whether it is good or bad depends on circumstances. 
This is an area where good judgment is an asset, since 
it can weigh the relative importance of abrasion and 


Fig. 7 Hardenable HC250 chromium iron hard facing. 
Etchant: 1% picral and 5% HCl. 500 x 


Two-layer are weld deposit of HC250 chromium iron, as-welded on 
SAE 1020 Steel. The white areas in the granular matrix are austenite 
with a VPN 25 g. microhardness of about 420. The replacement of 
the usual Cr-C, crystals by austenite is the result of dilution and oxi- 
dation during are welding. Area shown is 0.017 in. from the base metal. 
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Table 6—Typical Hardness Ranges of HC250 Weld Deposits 


——Cas welds on 1- x 4- x 4/s-in. blocks 4 SAE 1020 Steel—~ 
Thickness, —Rockwell hardness— 


Layers in. Cooling Range 

1 Air C53.5-58 

2 43/99 Air C52-57 

3 Air (53-555 

4 Air C51-54 

l Water C48-55 

2 9/% Water C48 54 

3 Water C48-55 

4 Water (46-53 

'/ in. deposition 2- x 2'/.- x */-in. block 

As-welded (52-55 C53 
Annealed, 1800° hr—Fce. Cooled (C48-53 C505 
Hardened, 2000° F-—2 hr—Air Cooled (57-60 C59 


—— Are welds on 2- x 2'/,- x */-in. blocks of SAE 1020 Steel 
—Rockewll hardness 


Layers Status Range Avg. 
1 As-welded C36-45..5 C43 
2 As-welded C53 5-56 C55 
4 As-welded C51-55 
i 1800° F, 2 hr, furnace cool C32. 5-35 C33.5 
2 1800° F, 2 hr, furnace cool (37.540 C39 
4 1800° F, 2 hr, furnace cool C3941 C40 
1 2000° F, 2 hr, air cool C58-61 C60 
2 2000° F, 2 hr, air cool C58 5-61 
4 2000° F, 2 hr, air cool C58 5-61 C60 


impact in the service conditions as well as influence 
deposition technique. 


Hardness 


The hardness as gas welded may range from Rockwell 
51 to C59. Annealing at 1400° F can lower this to 
€36-C47. Are welds can range lower because of carbon 
loss in the are and dilution by base metal. (Table 1, 
item Hb, and Table 6) Rehardening should raise the 
hardness to C54-C62 and produce the mixture of 
austenite and martensite of the matrix structure shown 
in Fig. 6 (e). 


Heat Treatment 


The HC250 alloy can be softened somewhat for 
machining, which is unusual for high-carbon hard 
facings. The success of the annealing treatment (12 
to 24 hr at 1400 to 1450° F, followed by cooling in the 
furnace or in still air)'* depends largely on the carbon 
content. If gas welding with a carburizing flame has 
added carbon to the deposit, annealing may reduce 
hardness only to about 400-450 BHN. Are welding, 
if it burns out carbon (as is usually the case) may permit 
annealing down to below 340 BHN. 

The annealed structures of HC250 are more machina- 
ble than these hardness levels would indicate. Tungsten 
carbide tools are employed where possible, since the 
hard Cr;C; carbides present can cause rapid wear of 
steel tools, but the chips from cutting break readily and 
cause a minimum of trouble. Lathe tooling is common, 
while drilling and tapping can be done at the 2.5% 
carbon level if hardness is near 350 BHN. 

After machining, the alloy should be hardened for use 
by cooling from the range between 1750 and 2100° F. 
Liquid quenching is not necessary. Cooling in free 
air is sufficiently rapid and tends to minimize distor- 
tion. The hardened structure is so abrasion resistant 
that even machine grinding is likely to be uneconomical 
and a strong effort should be made to establish precise 
dimensions in the annealed condition. 

The critical temperature for hardening is 1450- 
1550° F. Above this, austenite is stable and a simi- 
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larity in behavior between HC250 and the 6° Mn-2°% 
Si austenitic types is expected. From 70 to 2000° F 
the average expansion coefficient on heating is 0.000009 
in. per inch per ° F, which corresponds to a total expan- 
sion of 1.8%. This includes a lower rate from 70 up 
to 1500° F, an arrest from 1500—1700° F and a higher 
rate for the austenite from 1700 to 2000° F. Upon 
cooling the contraction was observed as 0.0000128 in. 
in./° F until transformation occurred and 0.0000072 
in./in./° F thereafter. The effect of chromium is to 
lower the rate of expansion. At the 0.35-0.40°% carbon 
level, coefficients of 0.0000084, 0.0000073 and 0.0000067 
in./in./° F for 0, 7.7 and 18.9% Cr, respectively, have 
been reported” for the range from 70-1300° F. It 
should be recognized that the matrix of these cast 
iron types is a steel containing perhaps 7°% Cr and some- 
thing above 0.40% carbon. 

Upon quick cooling the martensitic hardening trans- 
formation (Ms) usually occurs between 560 and 150° F. 
This causes a volume change and can lead to serious 
stresses. To help avoid them it is desirable to preheat 
before welding. This is done incidentally to gas weld- 
ing, but must be included by intent in are welding prac- 
tice if it is important to minimize cracking. 

Without heat treatment there is noobvioussuperiority 
of the HC250 alloy over the 6% Mn 2° Si austenitic 
type, while the lower carbon may sometimes reduce 
wear resistance (Table 4). However, when hardened, 
HC250 may have several advantages. It can attain 
a compressive yield strength above 150,000 psi and thus 
can resist light impact effectively.'* This also contrib- 
utes to galling resistance. Hardened weld deposits 
have been successfully used as bushing surfaces in 
highly stressed sleeve bearings operating under condi- 
tions where ordinary lubrication is impractical. 

Sometimes HC250 are welds of favorable composition 
cool rapidly enough to approach the properties of a 
heat-treated structure. It is also possible by are 
welding on a carbon steel to produce a fusion product 
that develops martensite. However, unless heat 
treatment is planned, it is better to obtain air-harden- 
ing martensitic structures from other alloys specifically 
balanced for the purpose. 
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Table 7—Resistance of High-Chromium Irons to High-Stress Grinding Abrasion 


(Wet quartz sand in American Brake Shoe Co. laboratory test, Ref. 9) 


Material 


Condition 


Austenitic 30% Cr Tron we-in. thick gas weld 
Austenitic 30% Cr Lron ‘/<in. thick gas weld 
Austenitic 28% Cr Iron '/in, thick casting 
Austenitic 30% Cr Iron */ie-in. thick are weld 
Austenitic 30% Cr Iron ‘/in. thick are weld * 
Austenitic 31% Cr Iron Are welds 

Deposited on austenitic manganese steel 
HC250 as-welded Gas weld 
HC250 as-welded Gas weld 
HC250 as-welded Gas weld 
HC250 heat treated * Gas weld 
HC250 heat treated * Gas weld 
HC250 as-welded '/in, thick arc weld 
HC250 heat treated * «in. thick are weld 
HC250 as-welded '/,-in, thick gas weld 
HC250 heat treated * '/,-in, thick gas weld 


~ Wet sand abrasion 
> 


Lab No Re BHN Factor 
R1843 55 0.69 
R1844 57 0 67 
R605 58 600 0.88 
R845 54 0.75 
R1846 57 0.74 
81496 55 0.75 
81497 58 0.67 
T2897 60 600 0.69 
T2898 57 592 0.69 
T3653 56 66 0.72 
T3654 62 639 0.47 
T3662 62 713 0.53 
T2310 57 600 0.56 
T2311 61 652 0.32 
T2312 59 717 0.65 
T2313 62 600 0.38 


Standard of annealed 1020 Steel 


* Heat treatment was 1400° F, 3 hr, air cool, followed by 2100° F, 


2 hr, alr cool, 


Note: The standard error of the abrasion factors from this test is 0.028; thus a 95% scatter band (average +2 8.E.) includes an 
abrasion factor range of 0.11 In comparing factors from various materials or conditions a difference greater than 0.11 is therefore 
significant. The effect of heat treatment on the performance of HC250 is thus well substantiated by these data 


Abrasion Resistance 


The as-cast or as-welded structures of both austenitic 
and hardenable high-chromium irons are much alike 
in abrasion resistance. The difference in performance 
due to welding technique is as great or greater than 
variations that can be assigned to composition. Table 
7 permits a comparison under wet high-stress abrasion. 
Note that the range from 0.65 to 0.75, which can be 
considered a +2 standard deviation scatter band, 
contains all but one of the as-welded specimens. The 
significant improvement by a hardening heat treatment 
is obvious. Insistence on statistical significance is 
pertinent because there are many cases where greater 
hardness of hard-facing alloys does not provide better 
abrasion resistance. 


The matrix structure seems to have much less effect 
on low-stress abrasion, as shown in Table 8. At the 
low abrasion factor range involved, the experimental 
error shown by duplicate welds may be 100%. 
The differences between as-welded and as-hardened tests 
with sand are neither consistent nor significant, and the 
slight apparent superiority of HC250 over the austenitic 
grade cannot be accepted as real. 

Note that the weight loss from abrasion in Table 8 
is not seriously affected by changing to a coarse flint 
abrasive, but the factors are lowered. This is the result 
of much greater wear on the steel standards. The 
flint is Joplin grit, a chert gangue mineral from the 
Tri-state lead and zine mining district, and has the 
reputation of being one of the most abrasive ores on the 


Table 8—Resistance of High-Chromium Irons to Low-Stress Abrasion or Erosion (Dry Quartz Abrasives) 


Subangular No. 50 sand, dry quartz sand erosion 


Material Condition Lab No. Re BHN Wt. loss, gm Factor 

Austenitic 30% Cr iron Gas weld R3058 56 0.065 0.055 

Austenitic 4.1% C, 29% Cr iron Gas weld R3060 58 0.080 0 047 

Austenitic 4.2% C, 33% Cr iron Gas weld R3062 60 0. O87 0.075 

Austenitic 4.4% C, 28% Cr iron Gas weld R3061 57 0.075 0.060 

Austenitic 5.0% C, 30% Cr iron Gas weld R3063 60 0.053 0.046 

HC250 as welded 3/i-in. thick gas weld T2319 54 0.040 0.026 

HC250 heat treated * 1/~in. thick gas weld T2: 50 0.085 0.058 

HC250 as-welded Gas weld 56 0.035 0.021 

HC250 as-welded Gas weld 57 0.050 0.036 

HC 250 heat treated * Gas weld 56 0.050 0.033 

HC250 heat treated * Gas weld 59 0.035 0.024 

HC250 as-welded 3/i-in, thick are weld 48 0.315 0.22 

HC250 heat treated * '/~in. thick are weld T2318 57 0.040 0.027 

SAE 1040 Steel, normalized 164 0.915 0.725 

SAE 1020 Steel, annealed (standard) 107 1.23 1.000 

Angular No. 30 flint abrasive, dry Chert erosion 

Material Condition Lab No. Re BHN Wt. loss, gm Factor 

Austenitic 4.1% C, 29% Cr iron Gas weld R3060 53 0.065 0.014 

Austenitic 5.0% C, 30% Cr iron Gas weld R3063 58 0.095 0.020 

HC250 as-welded Gas weld U168 51 0.055 0.009 

HC250 as-welded Gas weld U169 51 0.045 0.008 

HC250 heat treated * Gas weld U170 58 0.050 0.009 

HC250 heat treated* Gas weld U171 58 0.050 0.009 

SAE 1045 Steel, normalized 164 4.39 0.821 

SAE 1020 Steel, annealed (standard) 107 5.35 1.000 

* Heat treatment was 1400° F, 3 hr, air cool, followed by 2100° F, 2 hr, air cool. 
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American continent. It is probably similar to some of 
the jaspilite rock encountered in taconite mining. 

Haworth" has provided an interesting series of 
chromium-iron-carbon alloys that shows the beneficial 
effect of carbon and chromium on resistance to low-stress 
abrasion. Carbon is especially potent, leading to the 
conclusion that carbide volume is important. His 
data also indicate that in the high-carbon, as-cast 
alloys about 30° Cr may reduce wear by quartz to 
from one-half to one-fifth that associated with 13% 
Cr. Heat treatment (1900° F., oil quenched and drawn 
at 300° F) increased the hardness of the high-chromium 
irons and sometimes greatly benefited their wear resist- 
ance. 

Service tests in clay plant operation's have confirmed 
the wear resistance of the HC250 type. In a test of 
42 pug mill knife alloys, specimens of 2.53% C, 0.74% 
Mn, 0.66% Si and 28.14°% Cr iron at 460 BHN (no 
heat treatment) were next to the top in performance, 
being surpassed only by a heat-treated Cr-Mo iron. 
Of four muller tire alloys, the iron with 2.62% C and 
26.73°% Cr was second, a martensitic Ni-Cr iron of the 
Ni-Hard type being first. Of eight alloys tested as 
dry pan runner plates the HC250 was best. Clay 
handling is believed to be chiefly low-stress abrasion 
and, while the tests were made on castings, the results 
are considered applicable to oxy-acetylene and undi- 
luted are-weld deposits. 


Heat Resistance 


HC250, whose designation stems from its production 
»y heat and corrosion-resistant alloy foundries, is a 
good heat-resistant iron. It resists softening up to 
800° F? and has good creep properties (Table 9) in com- 
sparison with the common 27% Cr steel. Because it 
becomes austenitic above 1550° F the volume change 
from transformation may cause cracking if rapid re- 
peated heating and cooling are involved. 


Table 9—Elevated Temperature Properties of HC250 26% 
Cr Cast lron* 

—Temperature, ° 

1600 


10, 200 


1800 
5,800 


1400 
Yield strength, psi 9,600 
Ultimate tensile strength, 
ysl 28,000 14,000 
8 - 


30 


I 
Elongation in 2 in., % 
Reduction in area, % Ss 6 
Stress for 100-hr life, psi 5,900 
Stress for 1000-hr life, psi 3,400 
Limiting creep stress (for 

0.0001% per hour), psi 
Elastic modulus, million 

psi 8 6 


Properties of HC30 (0.30% C, 27% Cr steel) for comparison 
Ultimate tensile strength, 


30,000 


1,300 


psi 5100 2450 
Elongation in 2 in., % 45 110 
Reduction in area, % 93 98 
Stress for 100-hr life, psi 1700 840 
Stress for 1000-hr life, psi 1150 630 
Limiting creep stress (for 

0.0001 % per hour), psi 760 375 


* Cast specimens, annealed before machining. 


Scaling from oxidation is quite slow, a surface metal 
loss rate of 0.005 in. per year penetration being obtained 
in ten 100-hr test periods at 1600° F. Burgess” 
reports surface stability equivalent to 0.12°, C, 27% 
Cr heat-resistant steel at 1000° C (1832° F) and the 
level of 25% chromium is expected to maintain useful 
oxidation resistance to at least 1800° F.” 

The hot hardness pattern is similar to that of the 
austenitic type if casual exposure between 600 and 1000° 
F is involved (Table 10). Creep likewise becomes 
important at 1000° F. However, with continued 
exposure a marked drop in hardness occurs, which is 
due to tempering of the matrix. Stabilizing the strue- 
ture by tempering for 24 hr at the test temperature 
before testing lowers the instantaneous hot hardness 
from 15 to 25 Rockwell “C”’ points, and under sustained 
loading creep causes even more softening. In contrast, 
the effect of tempering on the austenitic companion 
grade is negligible. 


Table 10—Effect of Alloying Elements on the HC250 Hardenable Chromium [ron 


70 800 1000 
Alloy Om 3m Om 3m 


HC250 


Heat No. 
46-198 
As-cast 
2050° F, 3 hr, air cool 
1950° F, 6 hr, oil quench 5 54 
1950° F, oil quench + 1200° F, 
24 hrt < 36 

49-039* HC250 4Mo 

(3.87% Mo) 
As-cast 48 4 
2000° F, 2 hr, air cool j 49 f 43 
49-040* HC250 4W 

(3.95% W) 
As-cast i 46 42 40 
2000° F, 2 hr, air cool j 52 47 44 
49-041 * HC250 4V 

(3.68% V) 
As-cast 52 46 42 
2000° F, 2 hr, air cool 53 48 45 


Rockwell “C”’ hardness, ° 


1100 2 Wet sand abrasion 
Om = 3m Lab No. Re HN Factor 


N912 
46-198-3 


27 


* Hot hardness specimens stabilized 24 hr at the test temperature before testing. 
+ Hot hardness specimens tempered at 1200° F for 24 hr regardless of test temperature. — ; 
Nore: The 0m and 3M columns under hot hardness indicate the effect of time of loading on apparent hot hardness, corresponding 


to 0 and 3 minutes under load. 
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The drop in hardness noted is due to creep (plastic flow). 
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24 
2,600 
1,400 
A 450 
6.8 
— 
j 
| 
{ 
60 652 0.35 
-5 —53 | | 65 783 0.31 
—47 
be 
oe 37 27 19 -4 R304 54 477 0.67 
39 24 21 -3 R490 62 600 00.30 
3 0 R305 54. 
33 14 20 R491 62 626 ©0.34 
22 4-2 R306 56 355 0.78 
= 7 -18 R492 62 652 0.47 
= 


Table 11—Properties of High-Chromium, Hard-Facing Alloys 


Test Oxy-acet. Smal 
Temperature gas welds castings 
Hardness—Rockwell 
As-welded 70° F C56 C56 
or as-cast 600° F C55 C50 
800° F C48 C47 
1000° F C40 C36 
1200° F C25 
Annealed at 1400° F 70° F 
Hardened from 1950° F 70° F 
Hardened from 1950° F 800° F 
Hardened from 1950° F 1000° F 
Hardened from 1950° F 1200° F 
Resistance to flow Under repeated Good Good 
Resistance to cracking { impact Low Low 
Tensile toughness Low Low 
Average compression properties 
Yield strength, 0.05% set, psi 72,500 
Ultimate strength, psi 260 ,000 
Elastic deformation, % 0.9 
Plastic deformation, % 2.2 
Resistance to wet quartz sand grinding 
abrasion (high stress) Fair Fair 


Resistance to dry quartz sand seratch- 
ing abrasion (low stress) 

Oxidation resistance 

Useful up to 

Thermal expansion coefficient 


Outstanding 
Excellent 


Austenitic type* 


1800-2000° F 


——————Hardenable _typet—— - 
Electric Ory-acet. Small Electric 
are welds gas welds castings arc welds 
C55 C56 
C37 
C6 
C42 
C59 C65 C60 
C54 
C48 
C5 
Good Excellent Good 
Low Fair Fair Fair 
Low Fair Low Fair 
145,000t 
404,000 
2.5% 
Fair Excellent t Good 
Good Outstanding Good 
Excellent Excellent Excellent 


1800-2000° F 


70-1500° F 0. 0000103 in./in./° F 0.0000081 in./in./° F 
1700-2000° F 0.0000138 in. /in./° F 0.0000143 in. /in./° F 
* Nominal chemical composition: C 4.5%, Mn 6%, Si 2%, Cr 30% 
t Nominal chemical composition: C 2.5%, Mn 1%, Si 1%, Cr 28% 


t Hardened by air cooling from 2 hr at 2000° F. 


The addition of other alloying elements such as 
molybdenum, tungsten or vanadium serves to increase 
hot hardness, but their extra cost does not ceem to be 
justified by abrasion resistance (Table 11). 

Though HC250 is a brittle iron at room temperatures, 
it becomes surprisingly ductile at red heat (Table 9). 
When it is used as an oxidation and wear-resistant 
overlay on steels that soften and creep when they 
become red hot, this plasticity may prevent cracking. 


Identification 


The spark tests of the austenitic and the hardenable 
chromium irons are similar. HC250 rods are usually 
magnetic and this property can be used to distinguish 
between the two. The response of weld deposit hard- 
ness to heat treatment is also indicative. 

The melting point of HC250 is near 2320° F. 
shorter melting range and at the same temperature 
may appear to be more fluid than the austenitic grade. 
The higher manganese and silicon of the latter may con- 
fer a more pronounced self-fluxing action. 


It hasa 


SUMMARY 


Two commercially available high-chromium, hard- 
facing irons have been described in detail. The aus- 
tenitic type is excellent for conveyor mechanisms han- 
dling loose abrasives, all sorts of agricultural equipment 
subject to erosion by soil, clay, brick and cement plant 
parts, and some metal to metal and hot wear problems. 
The hardenable HC250 type has many of the same vir- 
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tues together with amenability to heat treatment that 
permits some machining and also a hardening reaction 
that confers good wear resistance in some additional 
areas. 

To better distinguish these types, abrasion resistance 
has been differentiated by two levels of stress at the 
wearing face 

Table 11 permits a quick comparison of the two alloy 
types. No attempt has been made to list all of the 
successful applications of the well-known austenitic 
type; extensive tables of these have appeared in trade 
literature. The field performance of HC250 hard 
facing is less well documented and use of the data given 
here may be expected to expand its areas of recognized 
usefulness. 

Both types can be gas and are welded, but HC250 
is more sensitive to composition changes from oxidation 
and dilution in are welding. 
increase machinability and decrease wear resistance. 

In general, the hardenable 29% chromium irons can 
without heat treatment, for the 
After a hardening heat treat- 


These changes tend to 


substitute, with or 
related austenitic type. 
ment it has resistance to both high- and low-stress 
abrasion and can substitute for the other martensitic 
irons. If some machinability is required the annealed 
HC250 grade is unique among the hard-facing irons. 

The influence of heat treatment is apparently not 
widely known, and field experience with treated HC250 
is scant in comparison with the austenitic iron that has 
been popular for many years. One purpose of this 
paper is to provide engineers with greater insight when 
selecting alloys and to encourage the exercise of judg- 
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ment rather than a dependence on the experience of 
others. The latter can be misleading, especially when 
field conditions are poorly defined. As an example, 
the austenitic iron may be excellent as a facing for power 
shovel dipper teeth working in sandy soil, but could 
be entirely unsuitable if the dipper is to work in heavy 
boulders where impact is severe. 

The two alloys are logical substitutes for the more 
expensive high-carbon Cr-Co-W alloys provided corro- 
sion resistance or hot strength above 1000° F are not 
critical requirements. At atmospheric temperatures 
these iron-base surfacing materials are less expensive 
and frequently superior to the cobalt base type in 
performance. 
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e Expression of Spot-weld Properties 


§ Empirical solutions involving weld characteristic inter- 
relations of carbon and manganese steel spot welds within 
the ordinary thickness strength and composition ranges 


by Julius Heuschkel 


Abstract 


A series of empirical solutions involving weld characteristic 
interrelations has been secured which permits direct expression 
of the commonly determined properties of carbon-manganese 
steel spot welds for materials within the ordinary thickness, 
strength and composition ranges. Using the formulas pre- 
sented for this purpose, weld properties in torsion, in tension, 
and in shear were found to be expressible 80% of the times within 
15° of the test twist angle, within 33% of the normal tension 
strength and within 20% of the tension-shear strength values. 
The derived empirical expressions thus permit the direct con- 
vevance of a large amount of test experience in a simple, terse, 
usable form. This information should be useful to design, 
production, inspection and quality control personnel. 

The data analysis supports the soundness of production 
procedures which use weld nugget diameter, secured from 
representative etched sections, as a criterion of weld quality. 
It provides the users of this procedure with an approach for 
correlating such a simply determined value with the probable 
physical properties of a single weld if tested under standard 
conditions. 

The most useful spot-weld property, its strength (S) under 
tension-shear loading, is shown to be a function of five essentially 
independent variables which may be numerically expressed: 
stock thickness (7'), tensile strength (U’), carbon and manganese 
contents (C and Mn) and the weld nugget diameter (D). These 
variables have different affects as thickness varies across the 
range, as indicated by the shifting magnjtudes of derived coeffi- 
cients in the basic equation, S = TUD{a — B(C + 0.05Mn)}. 

In a similar manner it is shown that the strength (V) of a 
weld loaded normal to the sheet interfaces is related to the same 
five variables in a differing manner but, because of the sensitivity 
to nonuniformity of stress conditions, a close correlation is more 
difficult to establish. The basic equation form is: 


a 


N = TUD +e — (fC + gMn) 


Angle of twist at rupture is shown to relate to stock analyses 
only for materials over 0.03 in. thick and to both prewelded 
ductility and stock analyses for thinner sheets. One common 
equation form did not apply across the entire thickness range. 


Julius Heuschkel is connected with the Westinghouse Research Laboratories 
of the Westinghouse Electric Corp., East Pittsburgh, Pa 

Scheduled for presentation at the Thirty-Third National Fall Meeting, 
AWS, Philadelphia, Pa., week of Oct. 20, 1952. Closing date for discussion 
December 15, 1952 
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The presented equations apply only to conventional single 
impulse spot-welding procedures on welds stressed at nomnal 
temperatures. Within these limits, by using the derived and 
presented coefficients for any specific stock, the basic equations 
provide the average probable weld property, as known from 
available test data. 


Nomenclature 


T = single sheet or stock thickness, in. 

= ultimate tensile strength of prewelded stock, psi 

E = tensile elongation of prewelded stock, % 

g = carbon content of stock, % 

Wn = manganese content of stock, % 

D = weld nugget diameter, in. 

1 = rupture angle of twist of weld, deg, Fig. 3 

\ = normal tensile rupture strength of weld, lb, Fig. 3 

S = shear tensile rupture strength of weld, lb, Fig. 3 

W = width of specimen, in., Fig. 3 

Wy = width of strip in weld diameters for which weld loaded 
normal to interface will develop the full tensile strength 
of the stock; a dimensionless number 

Ws = width of strip in weld diameters for which weld loaded in 
tension shear will develop the full tensile strength of 
the stock; a dimensionless number 

Y, = ordinate used to indicate angle of twist relations 

Yy = ordinate used to indicate normal strength relations 

a = component of normal strength formulas, psi 

b = component of normal strength formulas, psi 

c = component of normal strength formulas, no dimension 

f = component of normal strength formulas, no dimension 

g = component of normal strength formulas, no dimension 

2 component of angle of twist formulas 

r = component of angle of twist formulas 

u = component of angle of twist formulas 

A, = calculated angle of twist, deg 

\. = caleulated normal tensile strength, lb 

S. = calculated shear strength, Ib 

@ = component of shear strength formulas, no dimension 

3 = component of shear strength formulas, no dimension 

o = bending stress on extreme fiber, psi 

‘ = base of natural logarithm, 2.7183 


INTRODUCTION 


HE strength and ductility of spot welds in carbon 
steels, the most widely used commercial metal, 
have previously been shown to be related in a 
general way to the thickness, strength and analysis 
of the steel.'~* However, there is no published refer- 
ence which provides a means for expressing a specific 
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probable average value of strength or ductility for a 
spot weld in any particular lot of steel, either before or 
after it is made, except by destructive test techniques. 

The unique object of this presentation is to provide 
a method for the expression of the average properties 
of any carbon-manganese steel spot weld made, or to 
be made, by conventienal single impulse techniques. 
A related object’is to point the way toward a univer- 
sally acceptable method for this purpose. The basis 
of the proposed system applies across the entire common 
thickness range for the ordinary commercial steel 
analyses and tempers. 

The procedure effectively used for achieving the 
first of the listed objectives was to collect together 
all available data wherein nine specific items were 
reported for well-proportioned weld nuggets, while 
using comparable test specimens. The weld property 
items were then related to the steel properties and to 
weld diameter when that factor was important. The 
information required included: 


1. Thickness of stock, 7, in., 
2. Ultimate tensile strength of prewelded stock, U’, 
psi. 
Elongation or ductility of prewelded stock under 
tension loading, BE, % 
Carbon content of stock, C, % 
Manganese content of stock, Mn, % 
Diameter of spot-weld nugget, D, in. 
Rupture angle of distortion of spot weld, A, 
deg 
Rupture strength of spot weld loaded in normal 
tension, lb 
Rupture strength of spot weld loaded in tension 
shear, S, Ib 


From 186 lots of steel selected to cover a wide range 
of material conditions and for which such weld data 
were available, the three most useful engineering weld 
properties, Items 7, 8 and 9, were correlated with the 
listed variables, Items 2-6. From these correlations 
the expression giving the average of each of the three 
weld properties was secured for each thickness of 
material, Item 1, in equation form. From the 10 
thicknesses for which data were available the resulting 
equations were then cross correlated with material 
thickness so that the several derived coefficients could 
in turn be obtained for all thicknesses within the range 
studied. This enabled the writing of equations giving 


the average value of twist, normal strength and shear 
strength for any thickness of material within the limits 
of 0.008 to 0.500 inch. 

To indicate the potentials of such Correlations, all 
the individual test results were lastly checked against 
the values calculated from the equations and the defec- 
tions found were expressed in terms of degrees for the 
twist data and percentages for the strength data. It 
was found that 80% of the calculated shear strength 
values were within 20° of the test values. This is 
particularly remarkable when considering that the 
strength of any given well-proportioned weld is shown 
to be a function of five-dimensional and analysis varia- 
bles, and these do not encompass other known sources 
of difference such as variations in grain size and inclu- 
sion distribution. 

One of the present needs of industry is that the uncer- 
tainty of performance of welded structures be reduced. 
Until the results from a simple laboratory test speci- 
men can be expressed and predicted with reasonable 
certainty, it is not possible to provide a sound engineer- 
ing basis for the performance of the spot-welded struc- 
ture. The correlations presented here are offered as a 
step in the procedure of securing a sounder basis for 
judging spot-welded performance. 

The spot weld is ordinarily to be used only in shear, 
the load being applied in either tension or compression. 
This limitation applies because of the weakness of the 
weld in torsion and its possible weakness in direct 
tension. Nevertheless it is important that the proper- 
ties in torsion and direct tension be known for any 
proposed material so that improper conditions of usage 
or application may be avoided. 


MATERIALS AND DATA 


Comparative data were available within the author's 
experience from 186 lots of steel. More than 4000 
individual welds were involved covering the ranges 
listed in Table 1. 

The test values were segregated for each of the 10 
thicknesses for which data were available. The 
presented correlation is made possible not alone by the 
number of steels and welds involved but by the broad 
range of variables covered. To secure as complete a 
pattern as practical in the higher thicknesses stock from 
selected heats was specially purchased in the form of 
'/s-in. bar stock for weld testing purposes. 


Table 1—Limits of Material and Weld Size Variables Studied 


psi E, % 
47,000 128,000 32/1.4 
47 ,700/131,900 36.8/1.5 
47 , 200/163 , 800 37.5/1.0 
37 , 500/137 , 800 40.6/1.5 
42, 900/128, 300 44.3/2.4 
41,000/148,800 47.5/19.8 
44,500/96 ,000 44/28 
42, 300/94 ,500 
42, 300/92, 500 
59, 500/101 ,000 


Mn, % 
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T, in. D, in. 
0.008 0.12/0.15 
0.012 5 0.13/0.16 
0.018 1 0.12/0.18 
0.030 0.15/0.25 
ok 0.060 7 0.19/0.30 
0.125 7 0.37/0.60 
0.188 9 0.51/0.69 
0.250 2 0.80/0 86 
0 500 7 1.28/1.50 
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Fig. 1 Typical interrelationship between steel sheet 


strength, ductility and analysis. (Increased strength 
from cold working) 


Also included in the 186 item correlation, however, 
are the data from two prior papers," * which total 
77 items. 

It is not within the scope of this paper to consider 
detail affects of variations in microstructure or possible 
affects of differing causes of origin of fracture. 


STEEL PROPERTY RELATIONSHIPS 


Severely cold reduced low-carbon steels progressively 
increase in strength and decrease in ductility with the 
cold work, Fig. 1. Ductility here is evaluated as 
inches per inch of plastic elongation at rupture stress, 
in per cent, and was obtained from standard ASTM 
tensile specimens. For any given ultimate tensile 
strength the elongation may be increased by increasing 
the alloying content, Fig. 1, because under those con- 
ditions less cold reduction is necessary to secure a 
particular ultimate strength. It is not intended that 
the data presented here be proof of these steel property 
relations, they merely serve to remind of their existence. 

The importance of alloy additions, limited here to 
carbon and manganese, lies in the fact that spot-weld 
properties are related both to prewelded tensile strength 
or ductility of stock and to postwelded hardness. The 
inverse relations between stock strength and ductility 
which exist for a specific analysis complicates the prob- 
lem of segregating the causes of variations in weld 
strengths. For example, one cannot determine here 
the fundamental factor of whether the welds subject 
to normal tensien loading were weaker for high strength 
stock because higher notch stresses were imposed or 
because the unaffected stock was less able to flow 
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plastically and hence afforded less ability to distribute 
the imposed loads across a larger area, or whether 
rupture was due to notch brittleness resulting from 
metallurgical changes alone. 

Because the conventional single impulse spot-welding 
methods involve drastic quench rates, particularly on 
thin sheets,’ the increased alloy contents rapidly tend 
to reduce weld ductility, and sometimes even the weld 
Alloy 


necessarily incorporated into the equations derived for 


strength. content affects were accordingly 


expression of weld properties. 


WELD PROPORTIONS 


The welds correlated here include only those having 
reasonably suitable proportions, Table 1. The rela- 
tions existing between weld diameter and sheet thick- 
ness are shown in Fig. 2, both directly in the lower curve 


Weld 


diameters decrease with sheet thickness but not in 


and as a relative value in the upper curve. 


direct proportion and therefore, relatively speaking, 
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Fig. 2. Relations between material thicknesses and weld 
diameters 
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Table 2—Pertinent Specimen Relationships 


WT, 1/WT, W/T, D(avg), 
T, in. in. sq in. sqin. sq in. in. 
0.008 j 0.005 200 
0.012 0.0075 
0.018 0.011 
0.030 0.019 
0.060 0.060 
0.125 0.189 
0.188 0.375 
0.250 0.625 
0.375 1.312 
0.500 2.000 


NORMAL” 
TENSION TESTS 


FOR T UP TO W. 
ANDO INCL. 1/8" FOR T O3° OVER 


378 
= ‘500 
tL! 
SHEAR TEST 
Fig. 3 Details of test specimens 


larger diameters are used on thin sheets. It will 
become apparent in the following presentation that this 
relative weld size influences the form in which the weld 
properties may be expressed when loaded in torsion, 

Only those nuggets having a fusion penetration of 30 
to 80% into the sheet are included in this study. Elee- 
trode indentations in general never exceeded 10°% of a 
single sheet thickness and were commonly much less. 


SPECIMEN PROPORTIONS 


The specimen dimension standards of the AMERICAN 
WELDING Soctery were used in so far as they were 


available for making all tests correlated here, Fig. 3. ~ 


Uniformity of specimen proportions is important since 
it has been shown that weld strength is also related to 
specimen width.’ Both shear and normal tensile 
properties of spot welds are also subject to eccentric 
loading, which in turn introduce stress concentrations 
at the weld edge notch, Fig. 3. Any such correlation 
as attempted here automatically includes an evaluation 
upon all other pertinent variables including those of 
specimen making and testing. 

The values in Table 2 show how the section area, and 
its potential influence upon average stress, varies with 
material thickness. 


ANGLE OF TWIST 
In the twist test a single weld between two parts is 


tested by holding one part firmly and forcefully rotating 
the second member, in its original plane, around the 
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natural center of the nugget. The angle of rotation 
(A) at rupture is recorded. There is often some 
uncertainty as to when rupture occurs and the test is 
not a precision test. 

Examination of the data for angle of twist (A) at 
rupture from 142 lots of steel, led to the conclusion that 
for thin sheets, up to and including 0.030 in. in thickness, 
the rupture angle is related both to sheet ductility and 
to sheet analysis. It is recognized, Fig. 1, that sheet 
ductility here is also related to sheet strength. The 
angle of rupture values available could be algebraically 
related to sheet ductility and analysis to secure a 
series of expressions which provided calculated angles 
within 15° of the test values 80° of the time. 

The methods used for final derivation of the twist 
angle formulas are given in Figs. 4 and 5. 

The procedure followed was to plot, for thin sheets, 
prewelded sheet tension elongation (/£) as abscissae, 
Fig. 4, against an ordinate value ‘‘Y,’’ which is arith- 
metically equal to the sum of the rupture angle of twist 
in degrees, and a number which is equal to a coefficient 
multiplied by the sum of the carbon and modified 
manganese contents. When all data points were 


120 


° 


Yq * A + 200 (C +Mn/20) 


10 20 30 40 50 


PREWELDED SHEET ELONGATION (%) = E 


Fig. 4. Cube root relation between sheet ductility and 
twist angle for thin sheets. (Example: T = 0.030 inch) 
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plotted in this fashion, for 0.030-in. stock for example, 
it was observed that a smooth curve could be plotted 
through the points which provided a reasonable fit 
to the equation: 
Y, = 32.5 WE 
But since by definition, 
Y, = A + 200(C + 0.05 Mn), 
it follows that 
A = 32.5 YE — 200(C + 0.05 Mn) 


This equation expresses and defines the average angle 
of twist secured for the 0.030-in. sheets. It shows the 
angle to increase with the cube root of the sheet elonga- 
tion, as previously defined, and to decrease linearly 
with each increment of added carbon and manganese. 
This is the algebraic expression of the observation that 
higher angles of twist are secured with high-ductility 
sheet, which are the low-strength sheets, Fig. 1, and are 
low with low-ductility sheets, which are the high-strength 
Further, it teaches that the angles of twist are 
higher when the stock analysis is lower and lower when 


sheets. 


the stock analysis is higher. The specific average 
angle of twist for welds of the quality being studied is 
provided for any given sheet by substitution of the 
corresponding values of FE, C and Mn in the equation 
and making simple slide rule and mental calculations. 

The same procedure applied to all the other thin 
sheet data with minor variations in magnitudes of 
coefficients. It is considered to be of basic significance 
that this method is applicable to all thin sheet data, 
Table 3. 
form of expression holds only for the sheets having a 


Returning to Fig. 2, it can be seen that this 


high weld diameter to sheet thickness ratio wherein, 
as a result, failure occurs by twisting out a slug from 
the sheet. The described form of equation did not 
hold for sheets 0.060 in. and thicker. For sheets thicker 
than 0.060 in. the angle of rupture is more nearly relat- 
able to analysis of sheet alone, and failure generally 
occurs in the weld nugget. 
twist angle formulas for 0.125-in. sheets is given in 
Fig. 5. The average curve is a rectangular hyperbola 
of the general form 


A sample derivation of 


In the Fig. 5 example, 


10 
+ Mn/10 + 005 ~'° 
where 
A, = calculated angle of twist 
u = —10 
v = —0.05 
Fa = C + Mn/10 
Zz = 10 
C = number which is equal to carbon content of 
sheet 
Mn = number which is equal to manganese content 


of sheet 
The summary of the several equations for giving 
average angle of twist is given in Table 3. 
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Table 3—Summary of Weld Twist Angle Formulas 


T, in A 
0.008 A. = 35WE — 250(C + Mn/20 
0.012 A. = 35WE — 250(C + VWn/20 
0.018 A. = 35WE — 200(C + Mn/20 
0.030 A. = 32.5WE — 200(C + Mn/20 
8 
0.060 A. = — 10 
C + Mn/20 + 0.05 
10 
0.125 A. = — 10 
C+ +005 | 
10 
0.188 A. = — 15 


C + Mn/10 + 0.05 


The limits of variation of the calculated values 
obtained from the use of these equations with respect 
to the actual test angles secured are listed in Table 4. 

While the correlations presented in Table 4 for angle 
of twist are not of precision quality, neither is the test 
method. Nevertheless, in spite of its defections, the 
procedure described permits an expression of experience 
with the twist test in which for 114 of the 142 available 
eases, or 80°% of the time where data were available, 
the rupture angle results are provided within 15 degrees. 
Also there were no reversions, that is, in no case did 
the use of the equations give either a low or high result 
unless the test data were also either low or high. 
While one cannot be completely satisfied with the best 
correlation secured to date, these studies indicate a 
definite possibility that with further careful study, 
by securing now unpublished data, by improvements 
in testing technique and possibly by examining other 
factors neglected here, an even more precise method of 
expressing these data will ultimately be made available 
for engineering usage. 


NORMAL TENSION STRENGTH 


Normal tension strength data were available for 181 
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Fig. 5 Inverse relation between sheet analysis and twist 
angle for thicker sheets. (Example: T = 0.125 inch) 
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Table 4—Summary of Comparisons of Calculated and Actual Weld Twist Angle Values 


Distribution of calculated from actual—— 


Material Total 
thickness, no. of Direction (no. of each) +45 
T. in. Low Equal High 
0 008 d 1 
0.012 j 0 
0 O18 
0.030 
0 060 
0.125 
0.188 


ToTats 


Limits of variation, deg Range of angles for 
+10 +165 +20 +25 actual test specimens, 
% of total within each group 


115 MIN/MAX 


WEIGHTED AVG 


lots of steel. Correlation of these data, wherein the 
individual weld test strengths ranged from 40 to 39,720 
Ib involved a considerably more complicated approach 
than was required for the twist data. Final correlation 
was achieved by arriving at the general five-variable 
equation of the form: 
a 

U-l 


N. = Tl 


+e (fC + | 


wherein 
N. = calculated normal tensile strength of weld, lb 
T = material thickness, in. 
t= prewelded steel strength, psi 

D weld nugget diameter, in. 


( number equal in magnitude to the material 


carbon content, 


Mn number equal in magnitude to the material 


manganese content, © 

a, b, ec, f and g = coefficients which vary in an orderly 
manner with material thickness, Figs. 9 
and 10 

The derivation of these general formulas and the 
establishment of the values of the five thickness variable 
coefficients involved the making of several thousand 
individual calculations based upon principles which 
can be simply explained. 

The basie concept is to imagine that the normal load 
applied to the spot weld is transmitted through a single 
strip of metal having the same thickness, strength, 
elongation and analysis as the welded metal, that is, 
an identical piece of the metal. The rupture tensile 
strength of a strip of this metal having a width equal 
to the weld diameter is then calculated. This is 
simply the product of 7, U and D, which are each known 
from the test data. The dimensionless number, Wy, 
being the quotient of the normal strength of the weld 
(N) divided by the TUD product or the number of 
weld diameters for which the load (V) would develop 
the full tensile strength (U’) of the prewelded stock was 
then obtained for each of the 181 items: 

N 
TUD 

This procedure reduced the magnitude of variation 
of the quantity to be correlated from a 40- to 39,720-lb 
range, or 994: 1, to one which varied from 0.01 to 3.7 
or 370:1. It was observed that the magnitude of 
Wy tended to become low when high sheet analyses or 


Wy 
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strengths were involved, that is, when the welds would 
be hardest and most brittle, and when the surrounding 
sheet ductility was lowest but when the elastic and 
plastic characteristics were such that highest potential 
bending stresses could be imposed upon the weld edge 
notch. 

The next step involved relating the now primary 
variable Wy to a suitable ordinate so that an equation 
of relation could be secured. Such a relation based upon 
sheet analysis alone, or elongation alone or the two in 
combination was not too satisfactory, although it 
demonstrated the general trend of the data. An 
example is shown in Fig. 6. 


° 


04 


% 10 20 30 40 50 


E=PREWELDED SHEET ELONGATION (%) 


Fig. 6 Relation between prewelded sheet ductility, sheet 
analysis and spot-weld — (Example: T = 0.030 
inch) 
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Fig. 7 Derivation of formulas for calculation of normal 
strength on thin sheets. (Example: T = 0.030 inch) 


Best correlations were finally secured by relating 
Wy» as a component part of a “Yy’’ ordinate to the 
prewelded sheet tensile strength as abscissas, Fig. 7. 
This followed from the observation that a reasonable 
correlation could be secured by this means when using a 
value of “Yy’’ equal to the sum of Wy and suitable 
coefficients multiplied by sheet analysis. For example, 
with 0.030-in. sheets, by selecting Yy = Wy + (C 
+ 0.05 Mn) and plotting this as the ordinate against 
the value of U as abscissas provided a distribution 
whose average could be expressed by a smooth curve 
of the form 

From these two independent relations of Yy, the 
expression of Wy is derived as « 

35,000 


U — 31.000 + 0.30 — (C + 0.05 Mn) 


Wy = 

But since by derivation, or rather by definition: 
N 

Wy = 


therefore N = TUDWy. 
It follows that: 


35,000 


30 05 A 
— 31.000 + 0.36 (C + 0.05 1») | 


N, = ru | 
l 

This equation provides the expression of the normal 
strength of the spot welds for 0.030-in. sheets. The 
strength is given in terms of five variables: thickness 
(T), prewelded strength (U’), carbon (C) and manganese 
(Mn) contents of sheet, and the weld diameter (D). 
Another example of data agreement is given in Fig. 

8 for '/2-in. plates and bars. It is believed to be signi- 
ficant that the same treatment of available data for 
all ten material thicknesses provided similar correla- 
tions, differing only in the magnitudes of the determined 
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Fig. 8 Derivation of formulas for calculation of normal 
strength of spot welds in '/»-in. plates 


coefficients, which were found to vary with thickness 
of material in an orderly manner, Figs. 9 and 10. 
The summary of the derived formulas is given in Table 
5. 

Discontinuities are shown in Fig. 10 and the only 
explanation offered for the relation of the carbon and 
manganese coefficients to material thickness is that in 
a prior paper® it was shown that the thin sheet welds 
were quenched to the full hard condition. For those 
conditions carbon content dominated weld performance 


and amount of manganese had little affect. For the 
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Fig.9 Relation between material thickness and equation 
coefficients for normal spot-weld strength 
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Fig. 10 Relations between material thickness and analysis 
coefficients for normal spot-weld strength equations 


thicker stock not quenched to full hardness the effect 
of manganese was relatively more important. 

The distribution of the variation of the values calcu- 
lated by use of the listed formulas from the obtained 
test values is given in Table 6. Again this is not 
precision agreement, but neither is the normal tension 
test method a precision test. It has been shown, and 
it is further emphasized here, that spot welds are 
sensitive to direction of applied load. It follows that 
they are sensitive to degrees of variation in application 
of load. In the normal tension test there are either 
two or four zones of major stress concentration, depend- 
ing upon whether the square U or the cross type of 
specimen is used. Both were employed in the data 
being correlated. In either case rupture can be affected 
at much lower loads by uneven distribution of load. 
This could be caused, for example, by off-center spots 
or by nonuniform jigging. Drastic reductions in 
strength can be secured by one-point loading. 

Considering that the test-applied stress conditions 
are not necessarily uniform and that the rupture 


Table 5—Summary of Weld Normal Strength Formulas 
T, in. 
0.008 N + 0.40 (1.00 


0.012 N + 0.40 — (1.00 + 0.05 Mn) 


J 
0.018 N J rt + 0.30 — (1.0C + 0.05 Mn) 
0.030 N = TUD | +0.30 (1.06 +0.05 Mn) | 


33, —+ 0.10 — (0.65 C +0.125.Ma) | 


0.125 N + 0.11 — (0.45 +0.125 Mn) | 
+-0.17 — (0.38 +0.125 Mn) | 
13,000 
— 34,500 9-22 (0.30C + 0.125 Mn | 
F 10,500 
LU — 35,000 


+ 0.48— (0.25C + 0.125 Mn) 


0.188 
0.250 
+ 0.35 — (0.25 C+ 0.125 Mn) 


strength is a function of five independent variables, 
T, U, D, C and Mn, it is believed to be significant that 
74% of the 181 lots of welds, wherein the test strengths 
ranged over approximately a 1000:1 range, 
individually expressed within 339% of the average 
pattern value by use of the equations derived. The 
deficiencies in the derived expressions point toward 
the need of greater care in the use of this type of test 
specimen and possibly in the design of the specimen 
itself. Also they point toward the need for more precise 
data and improvements in data analysis. 

In spite of possible deficiencies of either the test 
method or the employed correlation techniques how- 
ever, the data firmly point up the fact that normal weld 
strength tends to increase linearly with sheet thickness 
and weld diameter, to decrease from any existing level 
with increased carbon and manganese contents and to 
actually decrease, but not linearly, with prewelded 
sheet strength. 

The product of the ‘one component of the general 
normal weld strength equation, al//(U’ — b) is a 
hyperbolic form which decreases in value as the value 
of “‘U”’ exceeds ‘‘b,”’ that is, as U becomes large. The 
fact that this product approaches an infinite value as 
U decreases to equal the value of 6 is of no concern 
because in the softest annealed condition steel cannot 


can be 


Table 6—Summary of Comparisons of Calculated and Actual Normal Strength Values 


————-Distribution of calculated from actual——— 


Material Total 
thickness, no. of Direction (no. of each) 
T, in. ‘ Low Equal Hig 
0 
0 


Torats 


+10 +20 +33 +50 


Range of strengths of 
actual test specimens 
lb 


Limits of variation, % 


% of total within each group 


12,970/1! 
21,270/39,7 
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Fig. 11 Relation of analysis to normal strength of spot 
welds in ‘/>-in. plates 


be produced having strengths as low as the equation 
values of the coefficient b. 

The general equation also specifically expresses the 
increased effect of added carbon and manganese con- 
tents on high strength steels. For a given value of 
U’, T and D in any of the equations, more and more 
strength potential is subtracted as increases in these 
values increase the TUD (fC + gMn) product. 

Efforts were made to relate normal strength directly 
to material analysis. While this could be done in 
general, as shown for example in Fig. 11 for '/2-in. 
plates, the spread of data from the average curve was 
wide. Also it was possible to relate the value Wy, 
in combination with an alloy content influence to 
prewelded material strength by the use of exponential 
functions, as shown in Figs. 12 and 13 for '/s- and 
'/-in. stock. This procedure would lead to an expres- 
sion of the normal strength N in terms of 7, U, D, C, 
Mn and a power of the natural logarithm base. How- 
ever, in general, the agreement of the data to such 
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Fig. 12 Derivation of formulas for calculation of normal 
strength on '/,-in. sheets 
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curves was no better than when using the simpler 
hyperbolic functions just described. 


SHEAR STRENGTH 


Expression of the most important design value, spot- 
weld shear strength, was a relatively simple matter 
compared to the normal strength determinations. The 
form of this general equation was derived by modifica- 
tion of the original concept® * by correcting for material 
thickness and analysis affects. The general form 
found was: 


S = TUD{a — B(C + Mn/20) 


Again as for normal tension the weld shear strength 
is found to be a function of five test variables but only 
two thickness-affected coefficients. 

The general derivation was reached following an 
examination of the W, values, which were calculated 
in a manner identical to that described for W,, except 
that the shear strength S was used in their determina- 
tions. This value, W,, was then related to sheet 
analysis for each thickness as illustrated in Fig. 14 
for '/s-in. stock and in Fig. 15 for 0.018-in. stock 
The projected ordinate intercept for zero values of 
alloy content, the equivalent of steel without carbon 
or manganese, provided the magnitude of the dimen- 
sionless constant ‘a.’ The negative slope of the curve, 
using a straight line relation, provided the value of 
8. The effect of manganese did not appear to be too 
great and a constant factor of '/o was used throughout. 

The individual equations for each of the 10 test 
material thicknesses are given in Table 7 and the 
manner in which the coefficients a and 8 vary with T 
are shown in Figs. 16 and 17. 

The distribution of the calculated from the actual 
data are summarized in Table 8. With individual 
test values which varied from 126 to 79,170 lb in magni- 
tude it was possible to express the shear values for the 
186 test lots within 20% of their obtained values 80% 
of the time. 
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Fig. 13 Relations between prewelded sheet strength, and 
weld strength factor on '/\-in. sheets 
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Fig. 16 Relation between sheet thickness and “a” value 
Fig. 14 Relation between Ws and analysis for '/s-in.sheets in shear formulas 


A system containing five independent variables will 
Table 7—Summary of Weld Shear Strength Formulas operate within an established range of satisfaction 


T, in. s only one-half the time if each individual value is within 
0.008 S. = TUD(2.65 — 0.80(C + Mn/20) 
0.012 S. = TUD|2.75 — 2.00(C + Mn/20) 
0 018 S. = TUD|3.22 4.12 (C + Mn/20) 450 
0.030 S. = TUD(|3.35 — 3.50(C + Mn/20) 
3 0.060 S. = TUD|3.50 — 2.65 (C + Mn/20) 
0.125 S. = TUD(2.65 — 2.00(C + Mn/20) 
0.188 S. = TUD(|2.00 — 1.35 (C + Mn/20) 400 
0.250 S. = TUD(1L.75 — 1.20(C + Mn/20) 
0.375 S. = TUD(|1.70 — 1.20(C + Mn/20) 
0.5 S. = TUD\|1.70 — 1.20(C + Mn/20) 
All S. = TUD\a — B(C + Mn/20)) 
w 
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Fig. 15 Relation between Ws and analysis for 0.018-in. Fig. 17 Relation between sheet thickness and “‘8”’ value 
sheets in shear formulas 
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Table 8—Summary of Comparisons of Calculated and Actual Shear Strength Values 


Distribution of calculated from actual 


Material Total Limits of variation, % Range of strengths of 
thickness, no, of Direction (no, of each) +10 +20 +33 +50 actual test specimens, 
T, in. obs. Low Equal High Q% of total within each group lb 
0.008 24 9 4 11 63 SS 100 100 126/375 
0.012 17 7 l 9 71 82 100 100 211/527 
0.018 39 18 l 20 54 87 100 100 363 / 907 
0.030 36 13 2 21 42 58 81 95 405 /2921 
0.060 19 8 3 S 63 S4 95 100 667 /4565 
0.125 19 7 2 10 79 S4 100 100 3740/12 ,580 
0.188 10 4 0 6 5O 80 80. be 5610/20 , 600 
0.250 7 4 0 3 57 86 100 100 13, 390/26 , 560 
0.375 3 0 0 3 67 67 100 100 26 ,520/40, 180 
5 12 6 0 6 50 8&3 92 100 51,920/79,170 
10 186 76 13 97 8 80 97 99 126/79, 170 
MIN ‘MAX 
Torats WEIGHTED AVG 
100 expressing the values of N and S provides, at the same 
time, the method for estimation of this ductility ratio. 
a The direct ratio of the two general equations for NV 
re] oO and S results in a cumbersome expression which could 
° ras be directly used for this purpose, although there is no 
° apparent reason for doing so in practice. It does 
show that the “ductility ratio’ is independent of weld 
« 60 if diameter and is largely independent of material thick- 
a b ness. It also summarizes that the higher the sheet 
aa fe) ws strength and the higher the carbon and manganese 
5 40 G 7 contents the lower the ductility ratio: 
2 
00 (U — b)(a — BC — 0.058 Mn) 
20 5 eC —f{Mn 
a — BC — 0.058 Mn 
There is a general but rough relation between the 
rs) 20 40 60 80 100 numerical magnitudes of the rupture angle of twist in 


TWIST ANGLE (DEGREES) 


Fig. 18 Relation between twist angle at rupture and duc- 
tility ratio. (Example: T = 0.03 inch) 


limits just 87% of the time. The 80% fit, within the 
20°%, tolerance, means that all observations must have 
been nearly correct 96% of the time. The statistical 
requirement is that if the average weld strength is 
dependent upon five distinct properties and probability 
of defection is independent and equal for each property, 
in order to secure a probability of total success of 
expression equal to “p,’’ the probability of accuracy 
of each property must be ¥/p. The correlation secured 
across the range of steel thicknesses, strengths and 
compositions is good when considering this fact. It 
provides a firm basis for expressing the values of spot- 
weld shear strength in terms of five measurable values, 
four of which may and should be known before the 
metal reaches the welding machine, at the discretion 
of policy personnel. 


DUCTILITY RATIO 


The ratio of normal strength (NV) to shear strength 
(S) is commonly taken as an index of weld ductility 
(N/S). The provision of independent means for 
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degrees ‘‘A’’ and the test secured ductility ratio NV/S. 
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Fig. 19 Relation between spot-weld strength and test 


temperatures. (Example: T = 0.06in., C = 0.05%, Mn = 
0.399%, U = 50,900 psi) 
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High angles of twist were secured when high ductility 
ratios were secured and vice versa. Very few rever- 
sions were observed for the 142 lots for which data were 
available An illustration of these relations is shown 
in Fig. 18. 


SERVICE TEMPERATURE 


The correlated data apply only to normal atmos- 
pheric temperatures. The strengths of the welds and 
the directional affects of loading are also influence: 
by test temperature. A single set of data secured 
from 0.060-in. low-carbon steel may be used to illus- 
trate this point, Fig. 19 While the strengths of the 
welds decrease rapidly with increases in temperatures 
above 500° F, the degeneration is somewhat less rapid 
under normal tension than in shear. All fractures in 
this particular instance for both types of loading were 
in the sheet, that is, they were of the button type. 


DISCUSSION 


The analysis of data presented here confirm that there 
is a sound basis for judging production quality of spot 
welds in the carbon-manganese steels on the basis of 
weld diameter alone, provided both the prewelded 
tensile characteristics and the analysis of the material 
are known. Unless these values are within satisfactory 
established tolerances for the particular application 
requirements there is little that can be done by the 
welder except to completely alter the welding technique. 

Thus, just as strongly, this study demonstrates that 
when using the conventional single-impulse spot-welding 
method, spot weld diameter is the only variable that 
influences weld properties which is within control at 
the point of welding. This statement applies to welds 
similar to the test welds upon which the proof is based 
and includes only those welds of tolerable nugget 
penetration, electrode indentation and sheet separation. 
It is known that some of the higher carbon-steel welds 
reported here contained cracks.* Except for these 
cases all nuggets were reasonably sound but were not 
necessarily wholly free of nugget center voids. 

The fact that weld nugget diameter is the only con- 
trollable factor available to the welding production 
operators, assuming again the single impulse nontemper- 
ing treatment with well-proportioned welds, is of 
broad significance. For one thing, it means that spot 
weld quality cannot be judged by any known nondestruc- 
tive technique unless full knowledge of steel characteris- 
tics are also known. When those characteristics are 
known, only weld penetration, nugget diameter and 
some reasonable freedom from porosity and cracking 
need be known to express the average probable weld 
properties. It means that firm control must be main- 
tained over uniformity of steel quality, or the welded 
product quality may suffer. It means that, knowing 
the steel analysis and tensile properties only, a simple 
etched cross section is all that is needed to establish 
weld quality. This practice has been followed by some 
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plants. The correlations presented here substantiate 
and document the validity of this procedure. 

An explanation of the variations in the magnitudes 
of the two constants in the shear equations as thick- 
ness changes should be available if the relations have 
any logical basis. This explanation is provided by an 
analysis of the stress pattern under the tension loading 
conditions, Fig. 3. 

The magnitude of a in the shear equation would 
be expected to approach unity as the weld diameter 
became infinitely large with respect to sheet thickness 
as would occur when sheet thickness approaches zero. 
This would approach the condition of a continuous 
seam weld wherein the upper limit of strength of the 
joint is the product T7UD, where D would be the length 
of the weld seam. The closeness with which this 
occurs, Fig. 16, lends added confidence to the usefulness 
of the magnitudes of the derived coefficients. 

A bending moment ST also exists because of the 
eccentric conditions. Neglecting stress concentrations 
due to weld shape the uniformly distributed inner 
fiber bending stress (o), using the conventional bending 
moment formulas, is: 

_ 68 
wr 
where 
= bending stress on inner fiber, psi 
= imposed load on weld, |b 
total width of specimen, in. 
thickness of material, in. 

The higher the magnitude of the imposed bending 
stress the less is the margin remaining from the inherent 
rupture stress U of the material which can absorb 
the imposed load S on the weld. Since S increases 
with the product of T and D and D can be expressed 
as a function of 7, it follows that o is a function of T7/W. 
Since the value 7/W increases with 7, Table 2, the 
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strength margin for resisting applied load decreases with 
increased thickness. Obviously no such simple stress 
pattern exists. Nevertheless the orderly manner in 
which the entire series of data fit a single mathematically 
describable pattern, without too many drastic excep- 
tions, has prompted the presentation of this material. 
The important property of weld shear strength has 
been calculated and expressed within the limits shown 
in Fig. 20 over a range of 125 to 79,200 lb, or 633:1, 
without misclassification in a single instance. It 
remains to be determined whether either supporting or 
contradictory data now exist or will be secured later. 

All welds included in the study were made with 
conventional procedures and it is well established that 
procedures employed may influence results obtained.‘ 


SUMMARY 


Relations between average spot-weld properties, 
weld dimensions and material characteristics have 
been reduced to a specific basis. This makes it possible 
to express existing experience with the common weld 
properties in terms of generally available information. 
Such procedures should ultimately enable the engineer 
to render design judgments upon a rational basis for 
any specific instance. 

While it may be necessary to later modify the 
coefficients derived as more and more data are subse- 
quently secured on this subject, it has been shown that 
the commonly determined weld properties are directly 
related to prewelded material properties and to weld 
diameter. Therefore, one of the most effective ways 
to assure uniformity of weld quality is to assure that 
only steels of the same grade are furnished to the welder. 
In practice this simply means uniformity of steel 
application, because steel properties are controlled 


at the source, and the production of welds of uniform 
configuration. The determination of the existence 
of a particular weld dimension alone has no significance 
unless the material is under such uniformity control. 
However, when the material characteristics are known 
only the weld diameter need be measured to establish 
probable weld properties, provided adequate nugget 
penetration exists together with reasonable freedom 
from porosity and cracking. 

Twist angle at rupture is related to sheet ductility 
and the alloy content for thin sheets and to alloy content 
alone for thicker stock, above 0.06 inch. Angle of 
twist appears to be independent of weld diameter but 
is a reliable index of ability of weld to withstand distor- 
tion and the application of concentrated stress. 

Tensile shear and normal tension strengths are related 
to prewelded stock strength, thickness and alloy con- 
tent and to weld diameter. In both instances a single 
general form of relation can be applied across the entire 
thickness range by using suitably adjusted coefficients 
Thus while data were provided for only 10 thicknesses, 
by interpolation these values can be secured for any 
thickness. In no case are precision correlations secured, 
but nevertheless the studies have much practical value 

The data presented apply only to carbon-manganese 
steels, but it is not beyond the realm of possibility that 
similar correlations may be shown to exist for othet 
commercial metals, 
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Improved Welds for Galvanized 
Metal 


ALVANIZED angle iron can be welded without 

losing the galvanized coating by using the inert 

gas-shielded are welding process and an Everdur 

filler rod. This method has been accepted as 
“perfectly satisfactory’ for frames supporting air-con- 
ditioning coils in the new Prudential Insurance Co. 
building in Houston, Tex. 

Inert-gas-shielded are welding did not decrease 
jappreciably the resistance to corrosion, even though 
) there was some loss in the thickness of the zinc coating. 
The slight loss noted next to the weld was due to direst 
vaporization under the heat of the arc. 

Least disturbance of galvanized coating and most 
efficient tinning of the base metal was obtained when 
the arc cone was directed as much as possible on the 


Fig.1 Portable Heliarc apparatus such as used for weld- 
ing of galvanized iron frames. (Courtesy of The Linde 
Air Products Co.) 
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weld deposit. Welding was done from both sides of 
the angle. A '/-in. gap left between the legs of the 
angle allowed filler rod to tin more than halfway through 
the thickness. Efficiency of the joint was tested by 
attempting to shear an angle clip from the frame using 
a 4-lb. hammer. No failure occurred in the weld even 
though the legs of the angle were beaten flat. 

Previous welding jobs on galvanized iron were done 
by other methods which destroyed the corrosion-resist- 
ant coating and left unsightly welds. Grinding the 
weld area and redipping the entire section produced 
extreme distortion. Subsequent straightening opera- 
tions cost an estimated two or three times the cost of 
the assembly. Elimination of this distortion and neces- 
sary straightening work by inert-gas-shielded arc weld- 
ing represents a considerable saving. 

As in other welding operations on zinc-coated metals, 
the operator in this process should be provided with 
adequate ventilation or approved breathing equipment. 


Fig. 2 Clean, strong weld produced by inert-gas-shielded 
arc welding with Everdur filler rod. No finishing opera- 
tion was necessary. amaet ad The Linde Air Products 
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ame-Plating 


» Flame-Plating, a new process developed by Linde Air 
Products Co., a Division of Union Carbide and Carbon Corp., 
was announced at an editors’ meeting held on Aug. 20, 1952 


GENERAL DESCRIPTION 


LAME-PLATING is a method of applying pow- 

dered metals—like tungsten carbide—to metal 

parts. The deposit is made in the form of a coating, 

and is normally applied in thicknesses ranging from 
0.0005 to 0.020 in. The coating is not diluted in any 
way. 

One of the biggest advantages of this new process is 
that the temperature of the base metal does not exceed 
400° F during the plating operation—even when tung- 
sten carbide is being deposited. The low-temperature 
deposition practically eliminates any possibility of a 
change in the properties of the metal being plated, 
and reduces to a minimum the chance that the part 
might warp. 

The process is adaptable. Flat areas, cylinders, 
holes and parts having various shapes and contours 
can be coated. Surfaces up to 6 in. wide and 40 in. 
long can be handled with present facilities. The plated 
part can be used as-coated or ground to a mirror finish. 

In the majority of applications listed to date, parts 
Flame-Plated with tungsten carbide have shown wear 
resistance equal, or superior, to the sintered tungsten 
carbides—and vastly superior to cast alloys, hard 
chrome-plating and tool steels. Parts Flame-Plated 
with tungsten carbide have all of the desirable proper- 
ties of sintered tungsten carbide such as resistance to 
abrasion and frictional wear and, in addition, have a 
lower modulus of elasticity and greater resistance to 
impact and thermal shock. 

Metals other than tungsten carbide have been de- 
posited by this new method. However, the bulk of the 
development work, and greater portion of the field test- 
ing, has been accomplished with tungsten carbide. 
Consequently, this report is limited to the results ob- 
tained with this material. 


The Potential Market 


There is a large field of application for Flame-Plating. 
It will be used wherever an undiluted coating of tung- 
sten carbide is required to protect metal parts from 
severe abrasion and frictional wear. Cotton picking 
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Some Facts about 
Flame-Plate Tungsten Carbon Coating 
Currently Being Applied | 


Composition 


92% tungsten carbide; 6% cobalt 


Hardness 


1200 to 1500 Vickers (300 gm. load) 


Coating Thickness 


Maximum - 0.020 in.; Minimum - 0.0005 in. 


Surface 125 microinches rms (Brush Analyze 
(As Coated) 
Surface 


(After Finishing) 


2 microinches rms (Brush Analyzer) 


Tool steels, cast iron, aluminum, copper, 
brass, bronze, titanium, magnesium 


Base Materials 


Temperature of 
Base Piece during 
Application of Coating 


Less than 200 deg. centigrade 


* Size of Base Piece Round Flat 

O.D. - from 1/8 in. to As coated ~ 6 in. by 
40 in, 

Finish-ground - 3/4 in. 
by 40 


6.0 in, 
Length - to 40 in. 


Externally -- any area at no greater than 45° 
from*a horizontal datum 


WORTZONTAL DATUM rA 
\ 


\ 


* Shape of Base Piece 


CAN BE COATED 


Inside cylinder walls -- Coating can be deposited 
to a depth equal to the diameter of the hoie. 


* Other sizes and shapes can be handled with special jigs and fixtures. 


Figure I 


spindles, dies, seaming rolls and burnishing tools are 
good examples of parts exposed to this type of wear. 
Up until now, the tungsten carbide applied to these 
parts was diluted either by the base metal or the steel 
welding rod used as a binder. 

Flame-Plating will be in demand for protecting pre- 
cision parts—where the wearing away of a few thou- 
sandths of an inch of metal would make the part useless. 
Up until now, many of these parts were made of sintered 
tungsten carbide. When the surface wore away, the 
entire part had to be scrapped. Flame-Plating a steel 
part will prove to be an economical solution to this prob- 
lem. Some of the parts that fall into this category are 
plug and thread gages and arbors. 

Up until now tungsten carbide could not be deposited 
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on many metal parts because the heat required for the 
facing operation would distort the part or change its 
metallurgical properties. Flame-Plating eliminates 
this problem. Now saw teeth and paper slitter knives 
can be protected by a hard coating. 

Flame-Plating will fit into the picture where some 
degree of toughness is required in a wearing part. 
Core rods used in powder metallurgy, for example, are 
excellent applications for Flame-Plating. 

The decision as to when to use this process will have 
to be based on a number of factors. The cost of Flame- 
Plating a part, in actual dollars and cents, will fall 
somewhere between the cost of a hard-faced part and a 
sintered tungsten carbide. A Flame-Plated plug gage, 
for example, will cost more than a gage made of a cast 
alloy, but less than one made of sintered tungsten 
carbide. Of course, the outlay of dollars must be 
balanced against the service life. Very often the time 
and money a long-wearing part saves by reducing down- 
time for maintenance and repair more than offsets 
its initial cost. 


What Metals Can Be Coated 


Through the use of Linde’s Flame-Plating process, 
tungsten carbide can be deposited on almost any base 
metal. Steels of all types, cast iron, aluminum, copper, 
brass, bronze, titanium and magnesium have all been 
coated successfully by this new method. 


protective lip 


protective lip 
Flat Areas 


Fig. 2. Preparation of parts for Flame-Plating 
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This wide selection of base metals should make this 
process especially interesting to the design engineer. 
He may, for example, require a part that has good 
electrical conductivity but at the same time must resist 
surface wear. He can now obtain both properties by 
Flame-Plat:ng copper. Or, he may have a problem of 
reducing the weight of a wearing part. Flame-Plating 
aluminum with tungsten carbide might be his answer. 
Any number of problems can now be solved by combin- 
ing the desirable properties of a base metal with the 
extremely hard Flame-Plated coating. 


Fig. 3 Photomicrograph of a Flame-Plated tungsten 
carbide coating at 300 magnifications 

a lied coating is the dark area. The lighter zone shows the 
base. The jagged bond line between the two materials indi- 
+ slightly roughened surface that was coated. Notice 
the excellent interl ere is no mixing or 
of the ing with the base. The ‘coating has a fine-grain, 

dense, laminar structure with negligible porosity. 


Thermal Shock Resistance of Flame-Plated Tungsten 
Carbide as Affected by Coating Thickness 


500 < No affect 


«failure 


cooling to 120°F. (30 seconds) 


+ failure begins 


Cycles of alternate heating to 1350°F. (45 seconds) and 


0.002 0.005 
costing thickness, inches 
Figure 4 
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Size Limitations the coating. It is advisable to leave a small protective 


ial : , ‘ lip at any edge where the part may be subjected to 
he size of the parts that can be Flame-Plated are 


limited by the handling equipment available at the 


present time. These limitations will be relaxed as the 
equipment is improved. The areas that can be coated 
vary with the shape of the part. Here is a quick 
summary of just what can be done right now: 

Flat surfaces 6 in. wide and up to 40 in. long can be 
Flame-Plated in thicknesses up to 0.020 in., providing 
the part is to be used in the as-coated condition. If 


_ the part is to be finish-ground, the width limitation is 

y Cylindrical objects from '/, to 6 in. in diameter can 
be handled with present equipment. Smaller or 

: larger diameters may be plated but these would re- 

coe quire special handling. The limitation on length is 40 

in. 

_ Holes or internal areas of cylinders can be plated to a 
depth equal to the diameter. A 1-in. hole can be plated 
toa depth of 1 in. 

Irregular-shaped objects can also be handled. The 
width and length limitations are the same as for cylin- 
drical and flat areas. The rule on irregular-shaped 
objects is that any area can be covered directly from 
the horizontal plane to an angle no greater than 
45 deg from the horizontal can be successfully Flame- 
Plated. 

Preparation of Parts 
The parts to be Flame-Plated should be undercut 
just deep enough to allow for the desired thickness of 
Results of wear Tests on Plug Gages 
Z (Wear medium - Cylinder block cast iron) 
2,000,000 


? Fig. 6 Core rods must resist severe abrasion and be tough 
enough to withstand a certain amount of loading and 
deformation, A hard coating of Flame-Plated tungsten 
carbide over a strong steel base provides the ideal com- 


bination of properties for this application 
s 
1,000.000 
° 
- 
& 
500,000 
° 


heat-treated heres sintered Flome-Plated Fig. 7 Flame-Plating is well suited to burnishers. The 
high-speed steel corbide —_tungsten-carbide tungsten-carbide cutting areas of the buttons are coated so that they will 
maintain close tolerances for thousands of precise opera- 

Figure 5 tions 
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Fig. 8 The teeth of this 10-in. circular saw blade have been Flame- 


lated to help them keep their “‘bite” longer 


Fig.9% Both bearing surfaces of this machine spindle are 
Flame-Plated, and are mas coated. These coatings 
will be finish ground 


resist an ext 


inary amount of wear. This surface has been Flame- 
Plated. For this application, a 0.003-in. thick coating is used 
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abuse or where two Flame-Plated surfaces 
are at right angles to each other. This is 
especially important on plug gages, shafts, 
spindles and core rods. 


How Thick Should the Coating Be 


Although the maximum thickness ob- 
tainable with a Flame-Plated coating now 
offered is 0.020 in., few applications would 
require a thickness of over 0.005 in. A 
coating thickness of a few thousandths of 
an inch will resist mechanical and thermal! 
shock to a much greater degree than will 
a thickness of 0.010 or 0.020 in. <A coat- 
ing thickness of 0.001 in. over the allowable 
wear tolerance is sufficient in most instances. 

If the part is to be finish-ground an ex- 
cess coating of 0.004 in. is deposited. 
However, it may be desirable to use the 
as-coated surface. This surface is 125 
microinches rms, as measured by a Brush 
Analyzer. 


Finish Grinding 
A Flame-Plated surface can be ground to a finish of 
approximately 2 microinches rms. The surface of a 
coating that has been finish-ground appears to have a 
certain amount of microscopic porosity. These surface 
pores are extremely shallow and do not have a detri- 
mental effect on the wear qualities of the coating. 
Resinoid bonded diamond wheels are the only grind- 
ing wheels suitable for finishing a Flame-Plated sur- 
face. A 100-mesh wheel should be used for rough- 
grinding and a 400-mesh wheel for finish-grinding when 
no more than 0.0005 in. is to be removed. Before grind- 
ing, the flow of coolant should be adjusted so that the 
part is flooded. Fifty per cent water 
and 50% soluble oil, or 50% kerosene 
and 50° % spindled oil are good coolants. 


COMPOSITION AND 
METALLURGY 


Tungsten carbide currently applied 
by Linde’s Flame-Plating process is 
composed of tungsten, carbon and 8°; 
cobalt. These elements are present in 
forms differing from sintered tungsten 
carbide. There are two predominate 
phases, WC and M,C. The latter rep- 
resents Co.W,C, Co;W;C or Co.W.C. 
Most of the cobalt is combined in 
these complex carbides of cobalt and 
tungsten. There is no free cobalt. 

The particles which form the coat- 
ing are elongated and flattened into 
thin disks. The diameter of each 
particle is many times larger than its 
thickness. 
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The photomicrograph, Fig. 3, shows the coating at 
300 magnifications. The tungsten carbide is the dark 
area while the steel base is relatively white. The jag- 
ged bond line between the two indicates the cleaned 
and slightly rough surface prior to coating. An ex- 
cellent interlocking mechanical bond is in evidence. 

The lighter colored material in the coating is tungsten 
carbide, while the very dark material is composed of the 
complex carbides of tungsten and cobalt. The laminar 
structure is clearly evident. 

Microscopic examination indicates that the bond 
between the parent metal and the coating is not a 
welded bond. It can be seen that there is no mixing 
or dilution of the coating material with the base. 
Even though there is a distinct boundary between the 
coating and the base, there is no void or visible oxide 
layer. Currently it is believed that in order to separate 
the coating from the base, the base must be deformed. 
If the coating is thin when the base is deformed, the 
coating will crack vertically, but will adhere to the 
base between the cracks. If the coating is thick, the 
coating will tend to separate from the base. 

The critical thickness above which separation occurs 
depends on the nature of the base, its hardness and sur- 
face preparation. The bond is better with the softer 
metals such as aluminum than with extremely hard 
metals such as chromium. Practically all commercial 
metals and alloys including hardened tool steel can be 
coated satisfactorily. Chromium plate, sintered tung- 
sten carbide and ground Flame-Plated surfaces cannot 
as vet be coated with good adherence. 

The fact that the coating does not mix with the base 
metal is important because the properties of both the 
base and the coating are retained. 


PROPERTIES OF FLAME-PLATED COATINGS 


Hardness 


Tungsten carbide is one of the hardest, best-wearing 
metals known. The hardness of Flame-Plated tung- 
sten carbide coatings (92° tungsten carbide; 8% 
.cobalt) averages about 1350 Vickers pyramid number 
(VPN). This is equivalent to 89.3 Rockwell (A scale). 
Almost all of the hardness tests on coatings give values 
of from 1200 to 1500 VPN, using a 300-g load. 

Actually, the particles that make up a Flame-Plated 
coating are harder than indicated by the Vickers test. 
The difference between actual (particle) hardness and 
apparent (coating) hardness is due to the type of bond 
between particles. This bond, though it lowers the 
apparent hardness, improves wear resistance. 


Modulus of Elasticity 


Within the limits of elasticity, the modulus of elastic- 
ity is the ratio of unit load (stress) to corresponding 
unit deformation (strain). The modulus of elasticity 
of Flame-Plated tungsten carbide is surprisingly low, 
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Fig. 11 These thread gages are Flame-Plated, but must be 
finish ground before being put to use 


being only 15,000,000 psi as compared to 85,000,000 to 
90,000,000 psi for sintered tungsten carbide. This 
extreme difference in stress-strain relationship is also 
attributed to the unique bond between the individual 
particles in a coating. 

A low modulus of elasticity is advantageous for ma- 
terials used to resist frictional and abrasive wear. 
It means that even a light load will cause slight de- 
formation of the coating. The load will, therefore, be 
distributed over a larger portion of the bearing surface. 
This, in effect, means a smoother wear surface. 

The modulus is desirable for another reason: any 
load applied to a ductile base material will cause de- 


Fig. 12 When these cotton-picker spindles rotate at about 
2000 rpm, the barbs on each conical surface pluck cotton 
at an amazingly fast rate. Sand in the bolls wears steel 
barbs down. A 0.001-in, thick Flame-Plated coating pro- 
tects the barbs from this unusual wear condition. In this 
application, no grinding or polishing is necessary 
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formation. A low modulus coating will also deform 
to a limited degree—rather than tend to retain its 
original shape and crack. As the coating deforms, it 
uniformly distributes the load to the base metal. 


Porosity 


In contrast to many other types of coatings, Flame- 
Plated tungsten carbide has a negligible amount of 
porosity-—less than 0.5%. 


Tensile Strength 


Sintered tungsten carbides are inherently weak in 
tension. Due to the thinness-of Flame-Plated coatings 
(from 0.005 to 0.020 in.), no aecurate measure of their 
tensile strength has been made. The coating material 
is supported, however, by the base metal over which 
it is applied. 


Corrosion Resistance 


Reagents that attack tungsten carbide or cobalt 
will attack Flame-Plated coatings. These reagents 
include most acids and strong alkalies. Mild alkalies, 
detergents in lubricating oils and atmospheres free 
from acid fumes have no detrimental effect on the 
coating. 


Thermal Shock Resistance 


Because of the unique bond between individual par- 
ticles, low modulus of elasticity and thinness of coating, 
the stresses induced in Flame-Plated tungsten carbide 
by a given temperature differential are low. Thermal 
shock of a moderate rate and below about 2000° F has 
little or no effect on thin coatings. Most satisfactory 
resistance is obtained with thicknesses not greater than 
0.003 in. (after grinding). 

Results of laboratory tests, which indicate the effect 
of coating thickness on thermal shock resistance of 
strip samples, are shown in Fig. 4. The samples were 
preloaded in tension to 15,000 psi, heated to 1350° F 
in 45 sec, and then cooled with an air jet to 120° F 
in 30 sec. The heating-cooling cycle was repeated 
500 times, or until failure of the coating was observed. 


Mechanical Shock Resistance 


Although a tungsten carbide coating has the inherent 
brittleness of tungsten carbide in any form, the coating 
can absorb a moderate amount of deformation. For 
mechanical shock resistance, the coating thickness 
should not exceed 0.003 in. after finish grinding. Any 
shock or impact that causes permanent distortion of the 
base piece, impairs Flame-Plated coatings regardless 
of coating thickness. 


Flash Welding of Titanium 
Alloys 


by Dr. I. A, Oehler 


UR experience at the American Welding & Man- 
ufacturing Co. in Warren, Ohio, has shown us that 
the flash butt welding of titanium alloys is one of 
the lesser problems in the fabrication of these 

alloys. Satisfactory welds that closely approach par- 
ent metal properties are being regularly produced on 
conventional hydraulic machines. 

Our initial work was done early in 1949 on samples of 
commercially pure '/,-in. diameter rod supplied to us by 
the Remington Arms Division of Dupont. Excerpts 
from our report at that time follow: 


Dr. I. A. Oehler is Director of Metallurgy and Research with the American 
Welding and Manufacturing Co., Warren, Ohio. 


Paper was presented before the Titanium Fabrication Conference, Minerals 
and Metals Advisory Board, National Academy of Sciences, National 
Research Council at the Hotel Carter, Cleveland, Ohio, June 19, 1952 
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1. No protective atmosphere was used. 

2. Specimens tested to destruction had ductile 
fractures adjacent to the weld in the parent material. 

3. The weld zone in the as-welded condition was 
acicular in structure. 

4. Annealing at 1650° refined this structure. 

5. All welds appeared sound with no inelusions or 
voids apparent in the microstructure. 

Flashing travel of '/, in., upset travel of 7/j¢ in. and 
final die opening of '/; in. was used. The total welding 
cycle consumed 5 see at a voltage setting of 2.9 vy. 
Speed of upset was of particular importance, and fast 
speeds, comparable to those used for aluminum, were 
employed. 

Following these initial tests, small production runs of 
RC70 bars were fabricated into rings and the joint 
flash welded. The weld burr is chipped off while hot 
Cross seetions up to 2 sq in. have been welded, and we 
see no reason that several times this area cannot be 
welded. 

The introduction of the higher strength alloys such as 
RC-130B and TI-150A presented a problem not nor- 
mally encountered in working with other ferrous and 
nonferrous materials. This was the apparent sen- 
sitivity of these materials to cracking in areas of sur- 
face or structural discontinuities. We found that on 
bars which had surface defects removed by grinding 
just prior to shipment from the mill, cracking occurred 
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when the bars were clamped in the welding machine. 
One lot, which had been checked for hardness at the 
mill, fractured through the Brinell impressions. If 
fracture did not occur at these points immediately upon 
clamping, it was noted that cracks appeared sometime 
after the weld was completed. The additional stresses 
set up by the thermal gradient during the welding cycle 
apparently are sufficient to cause failure. When bars 
were annealed at the mill after surface preparation, no 
trouble was encountered. In our own processing, it 
was found that @ rough chip or grind mark resulting 
from burr removal could give rise to cracks, but crack- 
ing could be avoided by getting the rings into a furnace 
at 1300° F immediately after welding. 

A typical weld.cycle for 2 x °/\-in. bars of RC-130B 
flash welded into a ring consumes 8 sec. with the voltage 
(open circuit) at 6.2. Flashing travel was */, in., up- 
set travel */s in. and final die opening '/2 in. Thai 
cycle produced welds of 152,000 ts, 146,500 yield and 
15°% elongation in 2 in. with a reduction in area of 46%. 

Occasionally we noted that welds of good strength ex- 
hibited very low ductility—elongations of 1-7°%. In- 
vestigations in our customer’s laboratory, as well as in 
our own, showed this to be associated with a banded 


structural condition in the bars. Additional welds 


made in the same banded bar always showed low 
values. A similar condition is encountered on heavily 
banded dirty steels that are flash welded. The up- 
set portion of the welding cycle turns the fibers at the 
weld outward so they lie transverse to the bar axis and 
the inclusions present in the material act as notches 
which produce brittle failures. In the titanium alloys, 
a banded structure, without any apparent inclusions as 
such, is sufficient to produce failure. This condition is 
now well known to the alloy manufacturers and so 
should not be encountered in the future on flash welding 
applications. 

Titanium alloys have been flash welded to aluminum 
alloys and to carbon steels. This work was carried on 
only as a curiosity, with no present practical appli- 
cations in mind. On such joints, failure occurs outside 
the weld when tested in tension or bending. 

In summary, flash welding of titanium alloys can be 
readily accomplished provided: 


1. Material is of good quality and uniform structure. 
2. Techniques similar to those used for aluminum 
are employed. 

3. Welded parts are annealed or otherwise furnace 
treated immediately after welding. 


Powder-Cutting Halves 4 Billets 
per Minute 


JHEN a hot saw at a billet mill could not keep 

| up with mill production, an oxy-acetylene powder 

cutting setup was installed to cut double-length 

billets in half. This billet cutting installation 
now makes an average of 900 to 1000 cuts per turn 
better than three times the production formerly ob- 
tained. 

Figure 1 shows the installation. 
beds and a carriage cab which mounts the equipment. 
While billets are being cut on one bed, the second is 
In this view. as soon 


It consists of three 


unloaded and the third, loaded. 
as the bed at right is cut, the carriage will move down 
to the bed at extreme left, which is ready for cutting. 
In the center bed, cut billets are being unloaded. 

The carriage cab mounting the cutting equipment 
runs on tracks alongside the billet beds. An Oxweld 
cutting machine travels on a 10-in. machined I-beam 
which is fastened to the cab. The cutting machine 
cuts through the billets at 15 in. per minute. 

An iron-rich powder is used in the oxy-acetylene 
flame to get quick starts. The operator, in the cab, 
controls the cutting operation. 

When the cuts on one bed have been completed, the 
operator disengages a clutch on the cutting machine 
and returns it to the starting position by a pulley and 
cable drum arrangement. Then he moves the cab to 
the next bed and starts the operation all over again. 
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Fig. | Powder-cutting installation for cutting billets 
enables mill to keep up with production in seamless mills 
by operating only one turn per day 


Fig. 2 Cutting machine cuts through 3 in. billets at 15 in. 
per minute 

Four men make up the billet cutting crew: the 

operator, two chain men who load and unload beds 

and a crane operator. When all four men are kept 

busy, top production has gone as high as 1500 cuts per 

turn 


_ 


Welded Build-Up of Worn Spoke Surfaces of 
Tractor Trailer 


§ Bronze application plus grinding quickly put wheel assembly back on job 


Data and photos courtesy Air Reduction Sales Co. 


Figure 1 
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by L. J. MacLennan, Jr. 


S AN example of how a welding torch helps to 
“keep ’em rolling” let’s look in on a welding shop 
where we see, in Fig. 1, an operator working on the 
wheel assembly of a larger tractor trailer. 

As he rolled on toward his destination, the driver of 
this tractor trailer noticed an unusual “wheel bearing”’ 
noise that warranted immediate attention. An inspec- 
tion of the trailer wheels revealed that due to loose lugs 
-—not wheel bearings—the tire and rim assembly was on 
the verge of falling off entirely. 

The loose lugs had permitted the tire and steel rim 
assembly to slide back and forth, laterally, across the 
bearing surface of each of the six wheel spokes. This 
lateral movement, over a prolonged period of time, 
caused excessive wear on these six wrought iron spoke 
surfaces. The wear was so extensive at several of these 
points that the lug bolt recesses were completely worn 
through and the lug bolts sheared. So here was a tire 
problem that neither a spare tire nor a mechanic—with- 
out welding equipment—could remedy. 

In order again to support and mount the tire and rim, 
the bearing surfaces of each spoke arm had to be built 
up to their original dimensions. This job was success- 


L. J. MacLennan, Jr., Dealer Sales Dept., Air Reduction Sales Co., A 
Division of Air Reduction Co., Inc. 
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fully accomplished in short order with a welding torch, 
bronze rod, Marvel Flux, a grinding wheel and an 
abrasive disk. 

The surface of each spoke, where build-up was neces- 
sary, was lightly ground (Fig. 2). This clean surface 
was then smoothly braze welded with bronze rod. One 
lug recess, as can be seen in the illustration, was com- 
pletely worn through. 

How two spoke sections were built up prior to the 
disk surfacing is shown in Fig. 3. A third section is re- 
ceiving its application of bronze. 


Figure 5 


The method of final surfacing to bring the spoke sec- 
tions back to their original dimensions is illustrated in 
Fig. 4. In the lower section of Fig. 5 can be seen the 
finished spoke surtace, again as good as new. 

With a little “barreling along” on the last leg of the 
haul the driver was able to complete his run almost on 
schedule—thanks to the heat of the oxyacetylene flame 
and a skilled welding operator. 


Portable Sigma-Welding 
Equipment 


Y MOUNTING equipment for sigma welding high 
up out of the way, welding production may be 
speeded by making it possible to slide equipment 
from one part of the shop to another. At the 

same time, the mounted equipment practically elimi- 


Fig. 1 = hanging equipment on track, sigma welding 
an be done at several welding stations 
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Fig. 2 Mounting of equipment showing the roller-type 
hangers which permit the equipment to slide easily 
nates wear and tear on argon and water hoses, and 

welding cable. 

This setup is used by one manufacturer to fabricate 
aluminum window frames. Figure 1 shows the op- 
erator making a weld ina windowframe. The sigma rod 
feed and control unit have been pulled into position 
above the work. The unit can be used at several welding 
stations, by merely sliding it along the rail to the sta- 
tion. 

A close-up of the way the control unit and hose as- 
semblies ride the rail i$ shown in Fig. 2 
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Principles of Braze Welding 


by H. K. Schmuck 


Fig. 1 For metal over '/,in. thick, bevel to make an angle 

of about 90 deg. A coarse file can be used. For heavy 

sections of cast iron a grinder will be needed; for steel cast - 
ings, a cutting blowpipe or gouging nozzle 


Fig.3 The beveled surfaces must also be cleaned by using 
a liberal amount of flux. Add the flux by dipping the end 
of the hot rod into the flux can. A bronze rod precoated 
with flux helps, because you are sure of gettingvexactly 
the right amount 


Fig. 5 Position of blowpipe and rod is another secret for 

making good bronze welds. For a weld in the flat position, 

hold both rod and blowpipe at an, angle of about 45 deg to 
the workpiece 
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Fig. 2 Thorough cleaning is one of the secrets of a good 

weld. Remove all oil, grease, scale, rust or oxide from the 

beveled edges. Clean the top surface for about ‘/» in. 

back from the edges. Use a grinder, stiff wire brush, file, 
emery cloth or steel wool 


Fig.4 Tin the surface ahead of the main rod deposit when 

the metal is at the right temperature and thoroughly clean. 

if the metal is not hot enough the bronze rod will form into 

drops. If the metal is too hot the bronze rod will boil 
and form into little balls 


Fig. 6 Adjust the flame until there is a slight excess of 

oxygen. The oxidizing flame has a bluish outer envelope 

and shorter inner cone than the neutral flame. There is 
no secondary flame or feather 


H. K. Schmuck is connected with Linde Air Products Co., Denver, Colo 
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activities 


related events 


1952-53 National Nominating 
Committee 


H. W. Pierce, Past-President and mem 
ber of the Board of Directors, has been 
appointed Chairman of the 1952-53 
National Nominating Committee by Presi 
dent Jennings and his appointment ap- 
proved by the National Board of Directors. 

There will be an open meeting of the 
Nominating Committee during the Na- 
tional Fall Meeting of the Socrery. All 
members of the Socrery have the privilege 
of presenting their recommendations to 
the National Nominating Committee at 
this open meeting. 

The meeting will be held in Phila- 
delphia, Pa., at the Bellevue-Stratford 
Hotel, on Wednesday, Oct. 22, 1952, at 2 
to 4 P.M., in the Blue Room. The Com- 
mittee will be in open session to receive 
recommendations from the membership 
between the hours of 2 and 4 P.M. At4 
P.M. the open meeting will be closed and 
the Committee will retire into a closed 
session for deliberation and working pro- 
gram. 

Other members of the committee are: 
J. L. Forand, District No. 1 Representa- 
tive, J. H. Humberstone, District No. 2 
Representative, R. E. Lorentz, Jr., Dis- 
trict No. 3 Representative, G. O. Hoglund, 
District No. 4 Representative, H. Bald- 
win, District No. 5 Representative, J. B. 
Davis, District No. 6 Representativé and 
C. M. Styer, District No. 7 Representa- 
tive. 


American Welding Society An- 
nounces A. F. Davis Under- 
graduate Welding Awards 


The Amertcan Wexpine Socrery has 
selected the winners of the 1951-52 A. F. 
Davis Undergraduate Welding Awards 
which include cash prizes of $700 and 
award certificates. This annual program 
is named for its sponsor, A. F. Davis, 
Vice-President and Secretary of the 
Lincoln Electric Co., Cleveland, Ohio. 

Two Cornell University undergraduate 
engineers, Paul J. Wisniewski and David 
4. Thomas, won the first prize of $200 
with their paper entitled ‘Metal Transfer 
in Are Welding” which appeared in the 
April 1952 issue of The Cornell Engineer. 
Both were juniors this past year in 
Metallurgical Engineering. The Cornell 
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Engineer will also receive a $200 cash 
prize for publishing the winning paper. 

4 Wisconsin University senior, Norman 
Fletcher, has been selected as winner of 
the second prize. His prize-winning paper 
on the subject of “Are Welded Machine 
Jigs” was published in the November 1951 
issue of The Wisconsin Engineer. Mr. 
Fletcher and the publication will each 
receive $150 for second prize. 

The award certificates will be presented 
to the winners on Monday, Oct. 20, 1952, 
at special ceremonies during the Natienal 
Fall Meeting of the AMertcan WELDING 
Socrety at Philadelphia. The Award 
winners have already received the cash 
prizes. 


Prize Winning Papers Selected 
by RWMA Jury of Award, 1952 


At its Aug. 25, 1952, meeting in Troy 
N. Y., the 1952 RWMA Jury of Award 
made the following selection of prize win- 
ning papers: 

Group I, Papers from Industrial 
Sources—Ist Prize: “A Case of Power,” 
by J. Geralds, P. Duker and M. Zucker 
2nd Prize: “Quality Control for Spot 
Welding in a Job Shop,” by P. G. Poetto. 
3rd Prize: “Corrosion of Structural Spot 
Welds,” by B. Karnisky, E. Kinelski and 
E. Gruca 

Grove II, Papers from University 
(Staff) Sources—Ist Prize: ‘‘Temperature 
Distribution During the Flash Welding of 
Steel,”” by E. F. Nippes, W. F. Savage, J 
J. MeCarthy and 8.8. Smith. 2nd Prize: 
“Projection Welding of Steel in Heavy 


Gages and in Dissimilar Thicknesses,’’ by 
E. F. Nippes and J. M. Gerken 

These papers were selected from a total 
of 19 papers entered in the Industrial 
Class and four papers entered in the 
University (Staff) Class. There were no 
papers entered in the University (Under- 
graduate) Class 


AWS Aircraft and Rocketry 
Panel Tours Solar Plant 


More than 120 Southern California 
welding engineers visited San Diego re- 
cently to view one of the largest arrays of 
production welding equipment in the 
United States 

Touring the San Diego plant of Solar 
Aircraft Co. members of the Aircraft and 
Rocketry Panel of the AMeRIcAN WELDING 
Soctety saw demonstrations of many of 
the Solar plant’s 275 welding installations 
which are certified to turn out work for the 
armed forces, plus numerous other welding 
installations. 

Many types of Solar-designed welding 
equipment were demonstrated in action to 
the guests, who represented most of the 
leading metalworking plants of Southern 
California. The Solar-made machines 
included butt welders, special purpose 
spot and seam welders, sigma welders and 
submerged are welders. 

Before the tour, the engineers were 
guests of Solar at a dinner and heard 
Frank Harkins, Solar’s chief welding en- 
gineer, and Al Bennett, superintendent of 
the Solar flux department, describe the 
company’s advances in the welding of 
stainless and other alloy steels, 


Frank Harkins, Chief Welding Engineer of Solar Aircraft Co. in San Diego, demon- 
strates a Solar-built butt welder to Francis H. Stevenson, center, Welding Engineer 
of Aerojet Engineering Corp., & Bernard Gross, Dir. of Labs. at Rohr Aircraft Corp. 
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Library Service Again Featured 
at the National Metals 
Exposition 


Metallurgists and scientists who attend 
the National Metal Congress at Phila- 


delphia, October 20-24, should make it a 
point to visit the exhibit in Booth No. | 
1020 where the Special Libraries Associa- | 
tion will reproduce a working library. A | 
metals librarian in constant attendance 
will quickly locate the answers to your 
reference questions. New books and 
periodicals will be on display. Special | 
Libraries booth has nothing to sell. It is | 
simply a demonstration of service. 

The Monday afternoon session of the | 
Special Libraries Association Metals Sec- 
tion will feature reports on the new metal- 
lurgical classification and mechanical | 
methods for literature handling now in the 
experimental stage. Tuesday's meetings 
will be of special interest since they will | 
deal with the availability of research re- | 
ports, unclassified government material 
and foreign language literature. 

All visitors are cordially invited to at- 
tend and join in the discussions which fol- 
low these papers. 


AWS Annual Dinner 


The Thursday evening, October 23rd, 
highlight is the Banquet or Annual 
Dinner in the Ballroom of the Bellevue- 
Stratford. At 6:30 a “pay-as-you-go” 
bar will be opened adjoining the ballroom 
for the convenience of those who wish | 
to assemble prior to the dinner. At | 
7:15 P.M., prompt, the famous “Bellevue” 
Roast Beef dinner will be served in proper 
“Stratford” style. 

Frank Schluth, famous mimic, will be a 
“Master Welder” headliner, supported | 
by the “Selendias” with their topical 
satires in dancing; and sextette of shapely 
Welderettes; Dave Monahan with his 
“Black-Light”’ and puppet novelty musical 
feature; the melodius and fast-swinging 
duet of Fred Smith and June Sayre with 
their amazing repertoire of the best | 
loved American Aires. All this to the 
accompaniment of Art Jordan’s popular | 
orchestra for ladies and gentlemen, the | 
low price of $10 per plate (taxes and | 
gratuities included)! Write: K. Wm. | 
Ostrom, Chairman, c/o K. Wm. Ostrom | 
& Co., 3717 Filbert St., Philadelphia 4, | 
Pa., phone Ev 2-5444 or J. E. Norcross, 
Arcos Corp., 50th & Paschal] Ave., 
Philadelphia, Pa., phone Sa 7-1500 or L. | 
D. T. Berg, Areway Equipment Co., 49th 
& Grays Ave., Philadelphia 43, Pa., | 
phone Sa 7-3000. Tickets sold singly, 
by group or for complete tables. 
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UP-DOWN SLOPE CONTROL 


W361-H3C4 
NEMA 38 WITH “UP- 
DOWN” SLOPE CONTROL 
—600 AMP. IGNITRON 
CONTACTOR AND SIZE 
IGNITRON TUBES 


Ask about our on-the-job 
approval plan. «wo osucanon 


‘2 botron: cow. 


21300 W. Eight Mile Rd., Detroit 19, Mich. 
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fewer rejects! 

no burn-throughs! 
GET) penetration! 
| X-ray quality! 


» —the om welder with Instantaneous Control 


Ideal for use with inert gas. Lets you handle 
“thard-to-weld’’ metals with ease — alumi- 
num, magnesium, brass, copper, stainless, 
high carbon, high alloy, and low carbon steels 


A touch of your toe instantly gives you the exact heat 
you need — there's no time lag! That’s how this P&H 
AC Welder gives you the instantaneous control you 
don’t get with other welders. 


When you use it on high frequency with inert gas, 
you can fabricate to close tolerances. And there’s no 
burn-back to oxidize the metal before you get started. 

The P&H Inert Gas Welder saves production time 
these five ways — no other welder makes the work 
$O easy: 

1. Foot switch automatically starts power, high fre- 

quency, gas, water. 

2. Arc starts instantly without touching work. 

3. Foot control instantly provides exact heat needed 

while welding. 

4. Foot switch cuts power and high frequency im- 

mediately or gradually at completion of weld. 


5. Automatic time delay shuts off gas and water. 


There are other outstanding P&H AC Welder 
features: P&H Dial-lectric Control that eliminates 
moving parts — for lower maintenance cost, easier 
operation. Built-in high-frequency unit that eliminates 
additional external equipment. Stepless amperage 
regulation. Unusual arc stability. Selector switch that 
gives operator choice of standard or high frequency. 


Cut your welding time for non-ferrous and “hard- 
to-weld” metals. Get faster, easier, sounder welds 
— fewer rejects. Use a P&H AC Welder. 


Ask your P&H representative fer further informa- 
tion — or write us, 


WELDING DIVISION 


HARNISCHFEGER 


CORPORATION 


4551 WEST NATIONAL AVE. © MILWAUKEE 46, WISCONSIN 


POWER SHOVELS © CRAWLER AND TRUCK CRANES © OVERHEAD CRANES © HOISTS © ARC WELDERS AND ELECTRODES © SOIL STABILIZERS © DIESEL ENGINES © PRE-FABRICATED ROMES 
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ASTE 


International Area 


Meeting 


An International Area Meeting of the 
American Society of Tool Engineers, the 
21,000-member technical society of Ameri- 
ean and Canadian production experts, 
will be held in the Statler Hotel in Buffalo, 
N. Y., on Oct. 10 and 11, 1952. 

Twelve chapters from Ontario, Canada, 
New York and Pennsylvania representing 
a total membership of more than 2100 
members are cooperating in the meeting 
which will feature four technical papers, 
plant tours and special activities. 


Wth Annual National Safety. 


Congress 

The 40th Annual National Safety Con- 
gress will be held in Chicago on Oct. 20-24, 
1952. It is expected that 12,000 safety 
people from all over the world will attend. 
More than 600 speakers wil) appear at 200 
sessions, covering every phase of safety. 
In addition, the Congress exposition will 
contain about 250 exhibits covering all 
types of safety aids. 

Theme of the 40th Congress will be the 
need for cooperation in the safety move- 
ment 


Twelfth Annual Meeting of 
Society for Non-Destructive 
Testing 


The Twelfth Annual Meeting of the 
Society for Non-Destructive Testing will 
he held at the Hotel Sylvania in Philadel- 
phia, on Oct. 20-23, 1952. It occurs 
simultaneously with the National Metals 
Show and the annual meetings of the 
American Socrery, American 
Society for Metals and the American 
Institute of Mining and Metallurgical 
Engineers. 

According to the sponsors, the program 
for this meeting is directed to one of the 
most important problems facing industrial 
management, inasmuch as it shows the 
basic ways in which non-destructive testing 
can lower production and operating costs. 


$30,000 Mechanical Design 
Award Program 


\ new competition for designers, engi- 
neers and manufacturers of machinery of 
all types has just been announced by The 
James F. Lincoln Are Welding Foundation 
of Cleveland, Ohio. The new $30,000 
Mechanical Design Award Program offers 
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$30,000 in 101 cash awards, as well as 
national recognition, for the best papers 
describing the mechanical design and con- 
struction of any type of machine or ma- 
chine component which is designed for are- 
welded steel fabrication. 

Any machine or component whose per- 
formance or appearance has been improved 
or whose cost has been reduced through the 
use of are welding in its construction can 
be described. Any person who has partici- 
pated in the designing, planning or manu- 
facturing of the machinery can compete in 
the program by describing his work. A 
total of $20,100 will be given in 54 awards 
in 18 different divisions comprised of 18 
first awards of $500, 18 second awards of 
$250 and 18 third awards of $150, plus 39 
Honorable Mention awards of $100. Each 
division offers a separate competition. A 
total of $9900 will be given in grand 
awards to the 8 best-of-the-program pa- 
pers. All papers are eligible for both 
divisional and grand awards. Top award 
is $2000, plus $500 first divisional «ward. 

Papers may describe machinery in any 
of the following 18 classifications: Metal 
cutting, metal forming, electrical, convey- 
ing, pumping and compressing, prime mov- 
ing, jigs, fixtures and tooling, processing, 
construction and mining, petroleum and 
gas, metalmaking and refining, textile and 
clothing, farming and ranching, food and 
fiber products, woodworking, lumbering 
and milling, household, printing and, ma- 
chinery not otherwise classified. 

The Foundation states in the rules 
brochure for the program that it is spon- 
soring the program to stimulate the sci- 
entific advance of machine design through 
the wider use of are-welded construction. 
According to A. F. Davis, Secretary of the 
Foundation, “When correct welded design 
is applied to machinery, performance and 
appearance are improved, strength and 
rigidity are increased, service life extended 
and savings up to 50% can be made.” 

Papers will be judged by a Jury of 
engineers, educators, designers and fabri- 
eators selected from men prominent in 
industry and education. The program 
closes July 27, 1953. The rules and con- 
ditions brochure is available from The 
Lincoln Foundation, Cleveland 17, Ohio. 


Welding Classes for Fall Months 


A regular schedule of weekly classes in 


advanced welding techniques starting with 7 


the week of September 15th with a new 


session commencing every two weeks 


thereafter through the end of the year has 


News of the Industry 


been released for the Eutectic Welding 
Institute by Eutectic Welding Alloys 
Corp., Flushing, N. Y. 

Detailed course outlines, schedules of 
courses, and similar additional information 
may be obtained by writing to Eutectic 
Welding Alloys Corp., 172nd St. at North- 
ern Blvd., Flushing 58, N. Y. 


Electrode Comparator 
Rule Available 


A new, %in. welding electrode com- 
parator slide rule which permits a com- 
parison of General Electric welding elec- 
trodes with those of other electrode manu- 
facturers is available at G-E Welding 
Distributors. 

Designated GEN-37B, the handy slide 
rule provides an electrode comparison in a 
matter of seconds as the operator desig- 
nates a choice for comparison. 


Slide 


P&H Appoints New Distributor 


The Harnischfeger Corp. of Milwaukee, 
Wis., is pleased to announce that the 
General Welding Equipment Co., 2106 N. 
Broadway, St. Louis 6, has recently been 
appointed distributor for the metropolitan 
St. Louis area to handle the complete line 
of P&H are welders, electrodes and weld- 
ing positioners. 

At the same time, the General Welding 
Equipment Co. announces plans for a 
modernized sales and show room, and an 
enlarged loading dock. They also plan 
expanding their service and repair depart- 
ment to provide emergency and mainte- 
nance repair work on all types of welding 
equipment. 


Color and Sound Movie on 
Inside Story of Welding Elec- 
trode Manufacturing 


First showing of a new 22-min motion 
picture in full color and sound, revealing 
the “inside story” on how arc-welding 
electrodes are manufactured, will be held 
at the National Metal Exposition in 
Philadelphia, October 20-24, by the Alloy 
Rods Co., York, Pa., as the central! feature 
of their exhibit in Booth No. 448. 

Entitled “No Finer Electrodes Made. 
Anywhere,” the film was made by pro- 
fessional movie crews in the Alloy Rods 
Co.’s plant at York, and will be exhibited 
every hour on the hour at the Metal Show 
in a small theater that will form the central 
attraction of the manufacturer's exhibit. 
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for Precision 
Welding 
For welding alumi- 
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precision wel 
times; stepless heat 
control; slope oF 
taper control. 
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DEPEND ON 
DURABLE 
DOCKSON 

REGULATORS 


THERE IS A DOCKSON DIS- 
TRIBUTOR NEAR YOU—tet us 
send you his name and our 
complete catalog of DOCK- 
SON WELDING and CUTTING 
EQUIPMENT. 


Coating of Electrodes 


According to company officials, this 
film is not a typical “sales movie” or pro- 
motional device, but was purposely photo- 
graphed and edited to be an instructional 
and technical pictorial story intended 
mainly for showing before welding socie- 
ties, engineering groups, metalworking in- 
dustry organizations, college and univer- 
sity classes, and others interested in are- 
welding techniques. It comprises about 
45 scenes “‘shot” on the Alloy Rods Co. 
production lines and is believed by the 
company to be the first pictorial story of 
the manufacture of alloy are-welding 
electrodes showing actual manufacturing 
processes, procedures and research close- 
ups. These matters, it is said, have al- 
ways been carefully guarded trade secrets 
heretofore. 

The picture proceeds from the initial 
step—cold drawing of hot rolled rod—on 
through the many manufacturing, research 
and quality control processes to the Alloy 
Rods Co.’s method of packing finished 
electrodes in sealed all-metal, moisture- 
proof containers. Along the way, the 
viewer is taken via the camera right up 
beside production workers, laboratory 
technicians and quality control specialists 
in a series of “close-ups” which are ex- 
plained by a narrator who interprets what 
is going on in easily understandable terms. 

After its premiere at the Metal Show, 
16-mm prints of the entire movie will be 
made available to any reputable organiza- 
tion or group which desires to show the 
film. Arrangements may be made by 
writing Department M of Alloy Rods Co., 
York, Pa. In addition to the film, the 
company has published a 24-page brochure 
(Bulletin AR52-7) showing the key “stills” 
of the picture for distribution to viewers 
and other interested parties. 


News of the Industry 


The McKay Co. Chicago Repre- 
sentative 


Thomas 8. Collins has been appointed 
electrode representative for the Chicago 
territory of The McKay Co., Pittsburgh, 
Pa. From headquarters at 1500 8. 
Western Ave. in Chicago, Mr. Collins will 
cover northeastern Illinois and 
western Iydiana. He will handle sales and 
service for the entire line of McKay mild 
steel, stainless steel and special-purpose 
arc-welding electrodes. 

Mr. Collins is a veteran of World War 
II, having served 42 months in the Navy. 
A graduate of Loyola University, he 
earned a Bachelor of Science Degree in the 
School of Commerce. He recently became 
a member of the American WELDING 
Socrery. 


north- 
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> “BUILT FOR BETTER SERVICE” 

sturdier construction; shatter- 

Le and other advantages. 
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A FIRING CONTROL PANEL on a new G-E 
three-phase unit is inspected before shipment. 
Sequence and timing panels are at the top. 
Ignitron tubes are to be installed beneath the 
metal shelf. An accessory panel for spot welding 
aluminum is mounted in ire second row, 


ia 


\ 


™ New Maintenance and Modification Features 


on G-E Three-phase Resistance Welding Control 


The picture above shows the new G-E three-phase sec- 
tionalized control with hinged panels for each control 
process, permitting quick inspection and servicing. To you, 
this new G-E control means: 


DEPENDABLE OPERATION 
The new G-E three-phase resistance welding control pro- 
vides lower maintenance because just one relay on the 
main panel operates each time the solenoid valve relay 
operates. All resistors, transformers, capacitors, and other 
components are conservatively rated for long life. 


VERSATILE DESIGN 

Circuit points are easy to reach. There is room in the 
cabinet for accessories or modifications when job require- 
ments change. For example, if you are changing from weld- 
ing 3'z-inch to 44-inch or thicker metal, you can get the added 
power simply by changing Size C ignitron tubes to Size D. 
A special kit is available containing the larger bus bars that 
can be quickly installed by your own service crew. 


SERVICE FACILITIES NEAR YOU 
Factory-trained G-E service engineers are on call 24 hours 
a day. There is one in your area ready to help you keep 
production going. 
For more information on G-E three-phase welding control, 
fill out and send in the attached coupon today. General 
Electric Company, Schenectady, New York. 


GENERAL ELECTRIC 


A SEAM-WELDING AUXILIARY PANEL, like other panels, is easily 
mounted in the cabinet because of keyhole mounting slots. Spade 
terminals are easily connected to the terminal boards on the main 
panel. Dials are mounted on front of cabinet. 


Electric Company 
Section F 645-56 
Schenectady, New York 
Gentiemen: 
Please send me bulletin GEC-491 on G-E three-phase welding 
control. | would like to have this for: 


COMPANY 
ADDRESS 
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AIRCOMATIC, WELDING 
for hard-to-join metals 


e Continuous high-rate deposition of fil- 
ler metal 


e Welds aluminum, bronze, nickel, stain- 
less & carbon steels 


e No flux required — no slag removal 
e Minimum plate-edge preparation 


e Heavy section welding with little or : 
no preheat 

e No “blind” welding — always a visible 
arc 


e A semi-automatic operation with the 
versatility of all-position welding 


TRAVOGRAPH, CUTT ING 


for mass producing 
intricate shapes 
e “Electronic bloodhound” tracing 


device accurately reproduces tem- 
plate or outline drawings 


Handles light plates, heavy slabs, . 
billets or forgings 


e Straight cutting, beveling or 
squaring 

All-welded construction for dura- 
bility and precision 

Torch arm will support up to 8 
cutting torches 

Precision shapes up to 102” x 144” 
— circles up to 12’ in diameter — 
with one 16’ set of rails. Cutting 
length extended with additional 
rail 


Tue WexpING JouRNAL 


= 

# 

| 
rr 


at CONVENTION HALL 
in PHILADELPHIA 


Airco will bring you an “operators-eye-view” 
of the Aircomatic welding process...a 
continuous “live” demonstration of the 
#50 travograph. Here’s a rare oppor- 
tunity to view the latest in welding 
and cutting equipment! Movies... 
Exhibits ... Welding Apparatus... 
Stationary and Portable Cutting 
Machines ... Gas and Arc Welding 
Accessories. 


AIR PEDUCTION SALES COMPANY AIR REDUCTION MAGNOLIA COMPANY AIR REDUCTION PACIFIC COMPANY 


REPRESENTED INTERNATIONALLY SY AIRCO COMPANY UITERNATIONAL 
DEALERS 
DIVISIONS OF AIR REDUCTION COMPANY, 
MANY PRINCIPAL CITIES 
at the frontiers of progress you'll find = eed 
ASS 
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John R. Morrill Joins Gibson 
Welding Supplies 


John R. Morrill has just become a part- 
ner and general manager of Gibson Weld- 
ing Supplies and Inland Oxy-Acetylene 
Co., Ine., in Spokane, Wash., according to 
Vern B. Finch, President. 


John Morrill was for 11 years a sales 
executive of The Lincoln Electric Co., 
Cleveland, Ohio, and for the past two years 
has been vice-president of the Baker 
Raulang Co., Cleveland, manufacturers of 
industria! fork-lift trucks. 

Gibson Welding Supplies is the largest 
supplier of welding equipment in the 
Northwest Inland Empire, and Inland 
Oxy-Acetylene Co., Inc., manufactures 
oxygen and acetylene which is distributed 
by Gibson. 


Norman A. Fletcher 


Norman A. Fletcher, author of the paper 
“‘Are-Welded Machine Jigs’’ which won 
second prize in this year’s A. F. Davis 
Undergraduate Welding Award Contest, 
was born in Birmingham, England, on 
June 19, 1924. He served in the Royal Air 
Foree as a bomber pilot from September 
1942 to September 1946, and saw active 
service in the Burma Theater. 

Mr. Fletcher came to the United States 
in September 1947. He enrolled at the 
University of Wisconsin and was gradu- 
ated in June 1952 with the degree of BS 
(ME). While at Wisconsin, he was 
elected to Phi Eta Sigma, Pi Tau Sigma 
and Tau Beta Pi honor societies. He was 
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awarded sophomore and senior honors, 
and a share of the fourth prize of the 
James F. Lincoln Undergraduate Award 
and Scholarship program in 1951. 

Mr. Fletcher's practical experience in- 
cludes serving progressively as toolmaking 
apprentice, machinist, toolmaker, tedl 
designer and production manager. He is 
now Production Manager and Tool Engi- 
neer at Kupfer Products, Inc., Madison, 
Wis. 


Obituary 
Hugh J. Fraser 


Hugh J. Fraser, Vice-President in Gen- 
eral Charge of All Plant Operations in the 
United States of The International Nickel 
Co., Ine., died at St. Mary’s Hospital, 
Montreal, Que., Canada, Friday, August 
22nd, after a brief illness, in his 55th year. 
He resided at 45 Woodbine Ave., Larch- 
mont, N. Y. 

Born in Brockville, Ont., the son of 
Oliver K. and Margaret A. Fraser, he 
attended Queen’s University at Kingston, 
Ont., graduating in 1923 with a Bachelor 
of Science degree. 

Mr. Fraser joined the Huntington (West 
Virginia) Works of The International 
Nickel Co., Inc., in May 1923, serving in 
various technical and operating capacities 
before being promoted to the Company’s 
New York Office in February 1935, as 
Assistant Manager of the Production De- 
partment. He was elected Vice-President 
in March 1947, and in the following June 
was made Vice-President in General 
Charge of All Plant Operations in the 
United States of International Nickel. 
He was also an Assistant Vice-President of 


Personnel 


the parent organization, The Interna- 
tional Nickel Company of Canada, 
Limited, since June 1943. 

Mr. Fraser was a member of the Cana- 
dian Institute of Mining and Metallurgy, 
American Institute of Mining and Meta!- 
lurgical Engineers, American Society ‘or 
Metals, the Mining and Metallurgica! 
Society of America and The Canadian 
Society of New York. He was also a mem- 
ber of the City Midday Club, New York, 
The Mining Club, New York and the 
Larchmont Yacht Club, Larchmont, N. Y. 

Surviving are his widow, the former A. 
Muriel Dunne, formerly of Ottawa, Ont.; 
two daughters, Joan and Doreas, and two 
brothers, O. B. J. Fraser, of Westfield, 
N. J., and C. E. Fraser, of Toronto, Ont. 

A Solemn High Requiem Mass was cele- 
brated for Mr. Fraser at St. Ignatius 
Loyola Church in Montreal on Monday 
morning, August 25th, with interment at 
Brockville, Ont. 


WAGNER 


ELECTRODE HOLDERS 


The perfect teom- 
mate for WAGNER 
GROUND CLAMPS 


RESIST ARC HEAT 


Copperhead Tip Insulation oper- 
ate near 6,000° heat. 


Patented channel construction 
flushes heat radiation twice as 
fast. 


Wagnerloy Construction results in 
high conductivity, longer service. 


4 

: 

COOLER 

pt FULL CURRENT DELIVERED 

al. 

350 W. tat SOUTH ST. 
LACKSON, 
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WORTHINGTON WELDING POSITIONER ELIMINATES time-wasting 
handling of the work-piece . . . increases arc-time by tilting the 
work into position for continuous, economical downhand weld- 
ing. Capacities from 100 lbs to 30 tons. Also: Turning Rolls 
fom 3 to 150 tons, stationary and self-propelled. 


A way to get more 
and better welding 
from your welders 


Every minute your welders spend climbing, turning and prop- 
ping is lost welding time. 

Turn this waste time into all arc-time with Worthington Weld- 
ing Positioners that tilt or turn all welds into position—without 
delay—for continuous downhand automatic or manual welding. 
Today’s labor scarcity makes this increased production more 
important than ever. 

These Positioners lower costs and boost production up to 50%. 
Downhand welding is quicker (only one pass instead of two or 
three) . . . better (deeper penetration with higher current, heavier 
electrodes, faster deposition of weld metal) . . . neater (weld metal 
levels itself). There’s lees rod waste, too. 

Where can you see a Worthington Welding Positioner at work 
near you? Just write Worthington Corporation, Plainfield, N. J., 
for this information or for Bulletin 210D. 
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FIGURE 2 


HOW WORTHINGTON WELDING POSITIONERS 
PRODUCE BETTER WELDS 


When the welder has to climb over, prop or flop the 
work-piece, he may only be able to use downhand 
welding over a limited area (Figure 1). With a Wor- 


tilt 


hand welding (Figure 2). 
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— Welding Positioner, the work is continually 
or rotated automatically into position for down- 


WORTHINGTON’S UNI- 
VERSAL TABLE TOP 
makes the Welding 
Positioner as profitable 
on job work as mass 
production. Those 
“T’”’ slots make the 
table adaptable to any 
shape of work-piece 
and . range of 
sizes. No special jigs 
or fixtures needed. 
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WELDING 


prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D. C. 


2,604,936— Mernop anp APPARATUS FOR 
CONTROLLING THE GENERATION AND Ap- 
PLICATION OF Heatr—William L Kaehni 
and Frank J. Kaehni, Cleveland, Ohio, 
assignors to Metal Carbides Corp., 
Youngstown, Ohio, a corporation of 
Ohio. 

This patent relates to controlled heating 
action and relates to a method comprising 
the formation of a flame and creating and 
maintaining a unidirectional electrostatic 
field between the flame and an adjacent 
object to be heated. The electrostatic 
field has a potential gradient in excess of 
about 1500 v per inch and the flame is 
utilized as the positive electrode of the 
electrostatic field. 


tur Schuttler, Solingen-Ohligs, Ger- 
many, assignor to “Kronprinz” Aktien- 
gesellschaft fiir Metallindustrie, Solin- 
gen-Ohlings, Germany 
The patented transformer is rotatable 
and comprises an iron core, a primary on 
the core and a secondary enclosing the 
primary and part of the core. The second- 
ary has a hollow body open at one end for 
introducing the core and rm ary into the 
hollow body and the core is, arnaled with- 
in the hollow body. Two disks are con- 
nected to the core shaft and to a journal 
therefor, respectively, the disks acting as 
welding electrodes, 


2,605, THerMaLt Merat- 
Toot —Herbert Couchman Me- 
Kay Eustis, Fla., assignor to Warren 
Dunham Foster, Eustis, Fla., and him- 
self, as trustees. 

McKay's patent is on a hand metal- 
joining tool which includes a barrel with a 
base on one end thereof and a first elee- 
trode is partially housed within the barrel 
and movable along its axis to project 
without the barrel. A second electrode is 
fixed adjacent another end of the barrel 
and is disposed to cooperate with a clamp 
associated with the barrel. Such clamp 
may position a workpiece. An actuating 
member is carried by the base and an 
operating connection extends within the 
barrel between the actuating member and 
the movable electrode to move it by 
movement of the actuating member. 
Circuit means connect the first and second 
electrodes. 
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2,605,448 —ExLecrric Conrro. 
Wrrn Puase Suter—Stuart C. Rocka- 
teillow, Farmington, Mich., assignor to 
Robotron Corp. 

This patent is on an electronic control 
circuit ineluding a pair of electric dis- 
charge devices used for controlling current 
conduction. A phase shift circuit also is 
provided in the control while a pair of ig- 
nitron electric discharge devices are pres- 
ent and are connected in back-to-back re- 
lationship. The circuit arrangement is 
such that the conduction and nonecon- 
duction of the ignitrons is controlled by a 
timing circuit provided and the precise 
point on the wave form at which conduc- 
tion by the ignitrons is started is deter- 
mined by the phase shift cireuit. 


2,605,537—Macuine FoR ForMING AND 

Partrs—Albert F.  Pityo, 

Clifton, and Harry E. Butterfield, Jr., 

Maplewood, N. J. 

This patent is on a welding machine 
wherein a turret is mounted upon a sup- 
port structure and devices for 
holding stems with wires theron, The 
turret is provided with indexing move- 
ment, and means are provided for support- 
ing U-shaped elements adjacent the wire 
of the stem at one position thereof. Ad- 
ditional means press against the wire and 
weld it to an arm of the U-shaped element. 


carries 


2,605,732—Turne Wetpinc Macnine 

James L. Anderson, Closter N. J., as- 

signor to Air Reduction Co., Inc. a cor- 

poration of New York. 

This patent discloses a machine for 
welding the longitudinal seams of tubes. 
The machine includes a carriage movable 
along a support and a pair of welding de- 
vices are mounted on the carriage for 
welding the seam of a tube during move- 
ment of the carriage. Means are provided 
on the carriage for moving it along the 
support and to drive a drive shaft extend- 
ing from the carriage for supplying motive 
power to move the carriage on a similar 
machine. 


WeLpinc Reet— 
Leon 8. Roark, Shreveport, La., as- 
signor of one-third to Dawson M. Haw- 
king and one-third to Curtis Kinard, 
both of El Dorado, Ark. 
A specialized welding hose reel is shown 
in and covered by this patent. 


Current Welding Patents 


Brazing Composi- 

Tions—Louis G. Klinker, Griffith, Ind., 

assignor to The Glidden Co,, Cleveland, 

Ohio, a corporation of Ohio. 

Klinker’s composition is adapted for use 
as a brazing paste in furnace-brazing and 
similar operations. The composition in- 
cludes a major quantity of cupreous ma- 
terial and a minor quantity of ferruginous 
material, The total available metallic 
iron content of the ferruginous material 
amounts to between about 0.5 and 12% of 
the total available metallic copper con- 
tent of the cupreous material. A minor 
quantity of a noncorrosive, nonmetallic, 
thermally evanescent plasticity-impart- 
ing carrier is mixed with the other materials 
to make a paste. 


2,606,267—Gas Arc 
Wetoinc—Thomas Metlrath,  Jr., 
Chatham, N. J., assignor, by mesne as- 
signments, to Union Carbide and Carbon 
Corp., a corporation of New York. 
This patent relates to a gas-blanketed 
metal are welding process wherein a high 
density current is passed between the 
work and a fusible metal wire at a contact 
point on the wire spaced from its tip to 
maintain an are between the tip and the 
work, An annular stream containing 
essentially inert gas is passed along the 
wire and through an annular nozzle be- 
tween the contact point and the tip to 
blanket the are and molten portions of 
the wire and the work. During the weld- 
ing operation, a longitudinal thrust is ap- 
plied to the wire. Certain specified limits 
for gas flow in relation to the welding 
current and rate of feed for the wire are 
set forth in the patent, 


or Forming 

WeLpinc Pins to Merat Parts 

Albert F. Pityo, Clifton, and Harry 

Butterfield, Maplewood, N. J. 

This patent discloses a method of weld- 
ing in succession substantially radially 
directed pins to the sides of a metal tube 
and it ineludes supporting the metal tube 
and turning it intermittently upon its 
longitudinal axis and thereby providing 
rest. periods for the tube. A wire.is sup- 
ported substantially radially with respect 
to the tube and is moved toward the tube 
when the tube is at rest. A welding cur- 
rent is applied to the wire to weld it to the 
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Now You Can Weld Easier and Faster 


THESE 5 G-E FEATURES TO HELP YOU 


1. SMOOTH, FAST WELDS are simple to make with the steady arc 
because arc-stabilizing capacitors eliminate popouts. 

2. ACCURATE CURRENT SETTINGS are easy to make, especially in 
the low current range. 

3. OPERATING COST IS REDUCED because less power is used when 
idling. 

4. INSTANT STARTING without scratching saves operator’s time. 
The hotstart automatically provides the right amount of starting 
boost for every setting. 

5. LONG COIL LIFE is assured with Class H silicone insulation, ex- 
clusive with G.E. 

TO GET YOUR SHARE of these big welding benefits, call or see your 
nearest authorized G-E welding distributor! His name is listed in 
the yellow pages of your telephone directory. Look for General Elec- 
tric under ‘‘Welding Equipment.” 


Section 4711-24, General Electric Company, Schenectady 
5, N. Y. 


Please send me immediately information on a typical 
G-E a-c welder, GEC-750. 


Name 
Company 
Address 
City State 


GENERAL @® ELECTRIC 


easy. 


| 


| 
| | 
| 
Generous overtrave!l makes 


tube and then the wire is severed at a 
point spaced radially from the tube. 


2,606,754—Gas Torcu MacHINE FOR 
Cutting Srrucrurat SuHares—Joseph 
M. Tyrner, New York, N. Y., assignor 
to Air Reduction Co., Ine., a corpora- 
tion of New York. 


Tyrner’s patent is on a cutting machine 
that has a bed for supporting a workpiece 
and a ram movable horizontally toward 
and away from the workpiece. A plat- 
form on which the ram is movably sup- 
ported is provided and the ram supports a 
carriage vertically movable with respect 
thereto. A cutting torch is carried by the 
ram and a cutting torch is on the carriage. 
A probe is carried by the ram for con- 
tacting a workpiece and is movable with 
respect to the ram. Special drive and 
control means are present and are actuated 
in response to the degree of movement ot 
the probe on the ram and connected to the 
drive means of the ram and carriage for 
moving them independently upon the de- 
grees of movement of the probe. 


2,606,988—Arc Wetpinc ELectrropve 
Ho.tpver— John F. Dove, Lombard, IIL, 
assignor to National Cylinder Gas Co., 
Chicago, Ill., a corporation of Dela- 
ware. 
This patent is on an are-welding elec- 
trode holder wherein a shielding gas is 


supplied to envelop the are. The holder 
includes a metallic body portion having a 
bore for receiving an electrode there- 
through and spaced therefrom to provide 
an lar gas 5 geway therebetween. 
Clamp means, including a collet, is posi- 
tioned within the body portion and is 
adapted to position the electrode therein. 
Other means supply the shielding gas and 
welding current to the electrode holder. 


Fixture—Llewellyn 
W. Evans, Rivera, Calif., assignor 
to Rheem Manufacturing Co., Rich- 
mond, Calif., a corporation of California. 


The patented welding fixture holds a 
cylindrical hollow element having a longi- 
tudinal open seam which is to have a weld 
formed therealong. A plurality of levers 
with fingers thereon are provided for being 
brought into engagement with the elements 
positioned on the fixture to urge adjacent 
areas of the element botdering the same to 
move relative to each other. 


Burner De- 
TACHABLE Trp—Johan August Oster- 
lind, Malmo, Sweden. 


This patent relates to a welding burner 
which has a tip positioned thereon by spe- 
cial means so that a rapid and easy ex- 
change of the tip can be made without 
unscrewing a retainer nut from the end 
of the burner handle. 


ations, 


Carbide- 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


| 


TWECO TERMINAL 
CONNECTORS 


for Welding Machines 


Bolt directly to positive and negative welder 
studs. Provide easy cable switch to reverse 
polarity. Simple cable disconnect for quick 
“Jump-in" of additional cable. 

3 Sizes for cables #5 through 4/0 


The male plug of TWECO “Sol-Con” and 
Cable C 


Write for T #8 giving date and prices 


FOR WELDING and CUTTING 


@ E. 42nd St. 


NATIONAL 


A Division of Air Reduction Co., Inc. 


Current Welding Patents 


Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


CARBIDE COMPANY New York 17,N.Y. 
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“IMPOSSIBLE” REPAIR AVOIDS TWO YEAR SHUT-DOWN 


“The folding press shown in the As recommended, we supported the 
photos had been in service a great weld repair by boxing in the com- 
mony yeors ond during that time, plete side frame with steel plate 
cracked ore leg of the side frame. and attaching the closely fitted plate 
Temporory repoirs were unsuccess- to the frame with fitted bolts. The 
ful and cracking of two other legs repair mode in this manner wos 
occurred, making the machine un- completely successful and the moa- 
usable. chine now operates as efficiently os 
After various welding companies a new unit. 

had decided against repairing this An idea of the enormous savings we 


machine by any welding method, we realized by using your unique weld- | 
called for o EUTECTIC Consultation ing alloys can be had when we tell | 
and were told thot the repair could you that quoted delivery on a new | 


be made with EvtecTrode 24, your machine was at least two years!” 
special electrode for welding cost —Steelbilt Co.* 
iron “cold”. *Full nome and address on request. 


EUTECTIC WELDING ALLOYS CORPORATION 
172nd St. and Northern Boulevard., Flushing 58, New York, N. Y. 


brazing s welding 


failures ... minimize 
Stress, distortion, warpage with 


EUTECTIC 


WELDING ALLOYS 


Impossible? That’s what the “Steelbilte Company” thought, 
too, until they actually tried these new entirely different 
EUTECTIC Low Temperature. WELDING ALLOYS.® 
Then they came up with the astounding “Case History” 
shown on the left. 


Yes, we not only claim this amazing performance — 
we prove that “EUTECTIC” is different... prove 
that these new alloys solve metal-joining problems 
where conventional materials fail! 


Let us prove it in YOUR shop, just as we have in over 
78,000 other plants and shops throughou: America. There’s 
no cost, no obligation involved. Just fill in and mail the 
coupon, below, for a FREE Consultation-Demonstration 
from one of our 350 trained District Engineers who stand 
ready to serve you from coast 
to coast. Prove to yourself 
that there’ is something 
new and different in metal- 
joining... 


72-PAGE 800K! 
“Manvel of Welding 

Design and Engineering 
with 50 new pheotes, 60 new 
drawings. Send fer YOUR 
free copy TODAY. 


MAIL 
THIS 
COUPON 
TODAY 
EUTECTIC WELDING ALLOYS CORPORATION | 
172nd St. & Northern Bovlevord t 

wi? Flushing 58, New York, N. ¥. { 
1 


This new manual of yours sounds like a very helpful § 
book. Send me a FREE copy with the understanding § 
that there will be no cost or obligation now or later. i 


we lo 


Signed 


i Firm 


Address Zone 


America’s Leapine Instrrution Devotep To THE ResearcH Manuracture or Speciacizep Metat-Joininc ALLoys 


OcToBER 1952 


DETROIT, MICH. - ST. LOUIS, MO. - OMAHA, NEBR. - CINCINNATI, 


CAL. - SAN FRANCISCO, GAL. - CHICAGO, ILL. - MINNEAPOLIS, MINN. - INDIANAPOLIS, IND. - BOSTON, MASS. - BALTIMORE, MO. 
GHIO - CLEVELAND, OHIO - PHILADELPHIA, PA. - DALLAS, TEXAS 
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Welding and Cutting Units 


Victor Equipment Co., 844 Folsom St., 
San Francisco, Calif., announces a new 
bulletin, No. 330, containing Victor weld- 
ing and cutting units. This small, com- 
pact and very complete bulletin illustrates 
and describes Victor Units for flame cut- 
ting, heating and welding. For your copy 
of Bulletin 330, write directly to the com- 
pany at the above address. 


Hard-Facing Alloys 


The Wall Colmonoy Corp. announces 
the availability of their new Catalog No. 
77 covering the various hard-facing alloys 
which the company manufactures. Copies 
of this catalog may be obtained, free of 
charge, by writing to Wall Colmonoy 
Corp., 19345 John R St., Detroit 3, Mich 


Electrode Bulletin 


A new, 49-page, pocket-size booklet de- 
scribing the application, chemical analysis 
and mechanical properties of General 
Electric welding been 
announced as available from G-E Welding 
Distributors. 

Designated GED-1634, the new booklet 
also includes an electrode trouble-shooting 
chart, a chart which specifies the number 
of electrodes per pound, and an explana- 
tion of the significance of the AWS nomen- 
clature. 


electrodes has 


AWS Standard on 
Recommended Practices for 
Metallizing 


One of the newer means for protecting 
against corrosive atmospheres and sea 
water is the application of a thin layer of 
zine or aluminum by metallizing. 

How these metals are best applied, and 
how much of which metal to use for diff- 
erent conditions is the subject of the latest 
American WELDING Society standard 
Recommended Practices for Metallizing: 
Part IB—Application of Zine and Alumi- 
num for Protection of [ron and Steel. 

The booklet covers in detail the mate- 
rials and equipment to be used; techniques 
of blasting and spraying; and inspection 
procedures for verifying the adequacy of 
the coating. Also covered is the use of 
organic coatings as an additional protec- 
tive measure. The last section of the 
standard gives typical coatings for various 
exposures including general atmospheres; 
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for Butt Welds. 


salt atmospheres; industria] atmospheres; 
and fresh and sea water. 

This is the first national publication on | 
the subject. The recommendations are 
based on studies conducted in setting up a 
test program of actual exposure of speci- 
mens under different corrosive exposures. 

Copies are available at 50 cents each 
from the American Wexptne Soctery, | 
33 W. 39th St., New York 18, N. Y. 

PFI Standard on Machined 
Backing Rings for Butt Welds 


The Pipe Fabrication Institute an- 
nounces publication of a standards bulletin 
having the title End Preparation and Inter- 
nal Machining for Machined Backing Rings | 
This is designated as | 
Standard ESI-1952 and supersedes the 
first standards bulletin issued by the 
Institute almost four years ago. This 
revised standard meets present-day high- 
pressure and high-temperature piping re- 
quirements; it includes design changes 
that minimize the amount of weld metal 
required and the resultant shrinkage 
stresses in the weld. 

The Engineering and Standards Com- 
mittee of the Pipe Fabrication Institute 
has prepared five other Standards of 
interest to designers, contractors and 
users of pressure piping. They are: 
“Method of Dimensioning Welded Assem- 
blies”. . “Standard Practice, Shop Hydro- 
static Testing of Fabricated Piping”. . . 

_ “Standard Practice Cleaning Fabricated 
Piping”... and “Built-up Weld Metal 
Bosses.”” 

Copies of any or all of the PFI Standards 
are available on request without cost to 
those concerned with piping. Write to 
The Pipe Fabrication Institute, 811 Clark 
Building, Pittsburgh 22, Pa. 


Titanium and _ Ti- 
tanium Alloys 


Republic 


Republic Steel Corp. has announced 
that it is producing titanium and titanium 
alloys at its Canton and Massillon, Ohio, 
steel plants. 

Titanium is only 56% as heavy as alloy 
steel, yet comparable in strength. This 
weight advantage, together with its corro- 
sion resistance, makes it especially desira- 
ble for use in the aircraft and other indus- 
tries where both strength and lightness of 
metals are desired. 

Titanium, in many cases, equals or ex- | 
ceeds stainless steel in its ability to resist | 
corrosion. Preliminary results with al-| 
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—non-porous welds 
in all positions 


Maybe some E-6010 electrodes are 
hard to handle. But not the Hobart “10” 
You'll find that this new and versatile 
all-position electrode gives you real 
welding ease—PLUS—deep penetration, 
high tensile strength and ductility, quick 
and easy slag removal, a stable arc, and 
non-porous welds. 

The Hobart “10” is widely used 
in structural work, ship building, 
pipe line construction, etc. Its pen- 
etrating arc makes it ideal for 
welding galvanized plates. 

Yes, the Hobart “10” is years 
ahead of any electrode you may 
be using. But don’t take our word 
for it. Instead, write us today 
for complete information and free 
samples to try on your next job. 
You'll be glad you did. 


SMOOTH, FLAT BEAD 


WITH 
ADEQUATE 
PENETRATION 


Vertical fillet weld 
Overhead weld in in %-in. plate 
3/q-in. plate welded welded upword 
with Hobart No. with Hobart No. 
10 electrodes. 10. 

Whatever the position . . . the Hobart 
"10" gives you better, faster welds at 
lower cost. 


HOBART BROTHERS COMPANY 


Box W4J-1022, Troy, Ono 
“One of the world’s largest builders of arc welders’ 


Simplify all your welding — 


by using HOBART ELECTRODES 
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Radiography checks — 


then double checks 


| pyres GEAR STRUTS lead a life of pun- 
ishment. Though light, they must be strong. 
Their joints must be sound. Radiography is the 
method used to prove them sound. 

A maker of amphibian aircraft goes even further. 
Though treated and sealed, strut members can 
develop internal corrosion and become weakened. 
Radiography alone can provide the required non- 
destructive examination of these internal surfaces. 
So it has become routine to x-ray these struts as 
part of the periodic inspection of the planes. 


Radiography — 


another important function of photography 


This is but one example of how radiography is 
proving a boon to the welding process. It is helping 
to open new fields for the use of welding—especially 
in the fabrication of highly stressed products and 
assemblies. 

Look into the ways Radiography can aid your 
business. Your x-ray dealer will be glad to give you 
full information and assistance. 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 


the important services your nea 
by All-State Distributor offers. 


ONE SOURCE OF SUPPLY 
It makes sense to make 


your A-S 
Distributor and All-State your one 
proven source for all alloys and 
fluxes needed for welding, brazing, 
soldering, tinning and cutting. 


BETTER JOBS FOR LESS 


A-S Distributors stock a large variety 
of things you have to have quickly 
when you want them. They're com- 
petitive on price — usually lower if 
your eye is on the job costs. That 
comes of their handling All-State 
Alloys and Fluxes for all metals. 
They do better jobs for less. 


TECHNICAL SERVICE 


Each All-State Distributor has men 
especially qualified by training and 
experience to aid in the proper se- 
lection and use of alloys and fluxes 
for jobs where you might need help. 
Back of them, and always ready to 
pitch in on the problem jobs are the 
All-State regional men and the well- 


known All-State technical service 
facilities at White Plains, N. Y. 
FREE LITERATURE 


Ask for 32-page Buyers Guide to the 
complete line of All-State Alloys and 
Fluxes for welding, brazing, soider- 
ing, tinning and cutting. 


A-S DISTRIBUTORS 
EVERYWHERE. 


ALL-STATE 


WELDING ALLOYS CO., INC. 
White Plains, N. Y. 


972 


| loyed 


| may be performed on titanium. 
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titanium indicate it has higher 
strength to weight ratios than any other 
commercial metal. 

Republic said it has been supplying 
titanium and titanium alloys in ingot, 
sheet, plate, stripe bar and wire forms for 


the last two years for aircraft and other | 


defense programs. 
limited and is under strict allocation by 
the government. 

Republic revealed its work, on the new 
metal in a technical book, Republic 
Titanium and Titanium Alloys, now being 
distributed by its sales offices throughout 
the country. A copy of this book may also 
be obtained by writing to Republic Steel 
Corp., Republie Building, Cleveland 1, 
Ohio. 

Alloy content of titanium alloys prob- 
ably will not exceed 15%, with most high- 
strength grades running between 4 and 
10%. Included among the alloys are iron, 
chromium, manganese, aluminum and 
many others. 


Production is still | 


Major production is confined to the 
commercially pure product, but Republic | 
is doing considerable development work | 


on the chromium-iron and manganese 
alloys. Other alloys can be modified to 
give variations in properties so that a 
fairly wide range of physical properties is 
possible. 

All of the common machining operations 
Com- 
mercially pure titanium can be 
welded, seam welded or inert gas welded to 
itself. Welding of alloy grades by con- 
ventional methods has not been too suc- 
cessful, but indications are that hot pres- 
sure or flash welding may prove satisfae- 
tory. Titanium has been successfully 
brazed to itself and to other metals. 

In its book, Republic said, ‘While an 
excellent core of information on titanium 
has been established, the technology is 
Additional information on 
fabrication, welding, heat treating, ete., 
becomes available each day which both 
supplements and modifies previous data.”’ 


“Aluminum Forming” Manual 


Metalworking men will find a wealth of 


spot | 


information on how to draw and form | 


Aluminum Forming, a new 148-page tech- 
nical manual just published by Reynolds 
Metals Co., Louisville, Ky. 

The manual points out that the most 
common mistake is the attempt to work 


' aluminum sheet, plate, tubing and pipe in | 


and form aluminum by the identical tech- | 


niques used for other metals. While 


similar techniques may be employed in | 


some operations, others require special 
procedures. Then too, selecting the 
proper grade of aluminum to use for a 
specific application is of utmost impor- 
tance. 

It is recognized that readers will gener- 
ally be familiar with methods and equip- 
ment for working the older metals. So the 
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See for yourself how 
Arcair™ slashes costs for 
GOUGING and CUTTING 


Many times faster than chip- 


ping! 
and compressed air, can be 


Using only carbon are 


used anywhere on any metal. 
Simple to operate. Cuts clean, 
with 


Now saving 


removes defects pin- 
point precision. 
thousands of man hours, cut- 
ting operating costs for mate- 
rials up to 80%, and solving 
many metal removal problems 
fabricators, 


for progressive 


foundries and other users. 


The unique Arcair TORCH,” 
with its air control valve, self- 
aligning rotating jet and con- 
centric cable is all the equip- 
ment needed—at just $87.50 


complete. 


Prove its saving in your own plant 


Write today for 
literature and name 
pf nearest dealer. Dem- 
onstration in your plant can 
be arranged in most areas. 


2614 Burwell Street. BREMERTON, WASH 
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THE FIRST “INSIDE STORY” FILM 
OF HOW ARC WELDING ELECTRODES ARE MADE 


“No Finer Electrodes 
Made... 
Anywhere” 


WORLD PREMIERE At the Metal Show, Philadelphia, Pa., October 20-24, 1952 
. showing every hour on the hour, Alloy Rods’ Exhibit, Booth 448, Arena. 
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phosphor-bronze electrode 
that’s easy to handle 
Phos-Trode is ideally suited for 
overlay work and for general 
maintenance and repair welding 
throughout industry. 
In addition you get these 4 
important advantages that keep 
welding costs down. 


All position — Deposit so- 
lidifies rapidly — can be 
used for flat, vertical or 
overhead welding, operates 


on reverse polarity DC, 
copper, galvanized and 


zr. 
malleable iron, etc. and com- 


binations of same. This versatil- 
ity keeps welding costs down 
and simplifies your electrode 
stocking problems. 


23. 


gi. 


Welds dissimilar metals — 
cast iron, bronze, brass, 


Low spatter loss permits 

high welding currents 

for faster welding and 
lower costs. 


4 Sound deposits, high phys- 
icals — Special ingredi- 
ents in Phos-Trode coat- 
ing give properly deoxidized 
deposits, sound welds and cor- 
rect bead contour. 
Phos-Trode, the most versatile 
electrode in the phosphor-bronze 
field, is available in 6 sizes from 
wo Order your supply 
now and take advantage of Phos- 


<>, Trode’s 4-way savings. 
wise 


AMPCO METAL, INC. 


MILWAUKEE 46, WISCONSIN 
West Coast Plant: Surbenk, Califemia 


e's Production-Wise to Ampeo-ize! 
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book is devoted mainly to a detailed ex- 
planation of how to form aluminum as it 
differs from other metals. Thus two im- 
portant sections are devoted to metal- 
lurgical data . . . one on aluminum sheet 
and plate; the other on aluminum tubing 
and pipe. 

The manual will be sent without charge 
to engineers, designers, plant personnel 
and others who request it on company 
letterhead. Address all requests to Rey- 
nolds Metals Co., 2500 S. Third St., 


Lousiville 1, Ky. 


Explosive Gas Detector, Indi- 
cators and Alarms 


Four types of combustible gas protective 
instruments are cataloged in a new folder, 
Form FSE1251. Included are: 

1. Portable Indicator—a light, con- 
venient unit into which suspected vapor is 
drawn by means of an aspirator bulb and 
long probe. Explosive level is read directly 
from an indicating meter. 

2. A Portable Audible Alarm which is 
used to maintain a continuous guard 
against the appearance of combustible gas 
at any field or factory location where weld- 
ing or other flame or spark-producing 
activity is carried on. Storage-battery 
operated, the unit contains its own 115-v 
charger. 

3 and 4. Combustible Gas Alarm for 
fixed locations. Two types of units with 
similar operating characteristics but dif- 
ferent physical arrangements are designed 
to guard against the appearance of explo 
sive mixtures in specific areas. Both oper- 
ate from 115-v lines and display indicator 
lights to reveal the presence of gas. One 
type has explosionproof construction to 
permit mounting directly in the hazardous 
area-~the other is designed for mounting 
the sensing unit at the hazardous location 
and locating the controls remotely. 

Folder illustrates the various models: 
describes their style and principles of oper- 
ation; lists accessories and spare parts; 
shows typical users and applications; 
tabulates specifications for the four 
models, Prices are included. Johnson- 
Williams, Ltd., 2732 Third St., Palo Alto, 
Calif. 


Ladders 


There is no bad luck about ladders if you 
observe ladder safety, says the September 
1952 issue of the California Safety News, 
revealing in an article that nine workers 
were killed and almost 4000 disabled by 
ladder accidents in California industry 
alone last year. The number of home 
ladder accidents is undoubtedly even 
greater. 

Ladder accidents usually spring from 
two causes, the article points out: the use 
of unsafe ladders, and the unsafe use of 
safe ladders. It describes the three com- 
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WIRE FOR WELDING 


Weldspool Electrode Wire 


FOR INERT GAS WELDING 
(Chemically processed-precision wound) 


For “QUALITY CONTROLLED” 
Welds on: 


ALUMINUM 
STAINLESS STEELS 
ALLOY STEELS 
BRONZES 
CAST IRON or 
SPECIAL ALLOYS 


USE “WELDSPOOL” ELECTRODE 
WIRE of “WELDBEST” ELEC- 
TRODES 


Weldbest Electrodes 


FOR MANUAL ARC WELDING 
Technical Literature available upon request 


You are invited to visit us at The National 
Metal Exposition Booth #1383 


WELDWIRE COMPANY, INC. 


N. W. Cor. Emerald & Hagert Sts. 
Philadelphia 25, Pa. 
PHONE: Gorfield 3-1232 
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BURDOX 


made by WELDING for WELDING 


need safe ent for weldin 
performance and v 
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cOLUMBUS 
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CINCINNATI 


comfort, prot 
the welding field are—tore egvia 
puRDOX for the best. Write today for 5 
YOUNGSTOWN 


pend on 
BURDETT OxYGEN COMPANY 
Offices Plants 
3333 LAKESIDE AVENUE CLEVELAND xR DAYTON, OHIO 
CLEVELAND 14, Los ANGELES, CALIFORNIA 
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SPEAKING 
OF LABELS... 
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HERE'S ONE THAT 
SHOULD GEW\ EVERY 
WELDOR’S \VOTE! 


No matter how you cast your ballot in | 
November, you're sure to pick a win- 
ner when you vote for Rexarc. Weld- 
ors coast to coast declare these elec- 
trodes “Outstanding.” 

They like their fast build-up, long wear- 
ing quality and best of all, the ease 
with which they are applied. Get 
on the Rexarc “band wagon’—ask 
your Distributor for a demonstration! | 

REXARC IS A PRODUCT OF 


THE SIGHT FEED 


GENERATOR COMPANY 
West Alexandria, Ohio, U.S.A. 


Manufacturers of Welding Equipmert 
For More Than 25 Years 


mon-sense precautions which, if observed, 
would put an end to virtually all ladder 
accidents and injuries. 

It stresses the need for selecting the 
right ladder for the job—not using a light 
household ladder for heavy construction 
work, for instance; for checking the ladder 
for missing, broken or otherwise defective 
rungs, among other things; and for ob- 
serving the rules it lists for safe use of 
ladders. 

Copies of the article in brochure form 
are available without charge from the 
Division of Industrial Safety, 965 Mission 
St., San Francisco 3, or 357 South Hill 
St., Los Angeles 13. 


Magnesium Finishing 


Magnesium Finishing, a new revision of | 


the manual on finishing systems for mag- 
nesium products, is available from the 
Magnesium Department, The Dow Chem- 


| ical Co., Midland, Mich. 


The 128-page manual describes in detail 
surface stability and surface treatment, 
including cleaning, mechanical finishing, 
chemical treatments, electroplating, paint- 
ing, and assembly protection for mag- 


nesium alloy die castings, sand and per- | 


manent mold castings and sheet, plate and 
extrusions, 


Rebuilding and Repairing of 


Crushers 


The Stulz-Sickles Co., 134 Lafayette | 
St., Newark 5, N. J., has just released for | 


distribution a folder intended to show how 
to save time and money by rebuilding and 
repairing various types of crushers with 
Manganal, 
steel. The folder is available upon re- 
quest from Stulz-Sickles Co 


11-13'/2% manganese-nickel | 


Chemalloy Welding or Soldering 


Metal 


Chemalloy Associates of Santee, Calif., 
announces the availability of a two-page 


brochure entitled ‘Information on Chem- | 


alloy Welding or Soldering Metal.”” Ac- 
cording to this company, the Chemalloy 


| development simplifies the soldering or 


welding of any aluminum or zinc-base | 


coatings. For additional information and 
photographs wire to Chemalloy Associ- 
ates, Gillespie Airport, Santee, Calif. 


Isotope Newsletter 


The Aug. 19, 1952, issue of Isotope 


| Newsletter is devoted to the use of isotopes 
| in the oil industry. 


It describes among other things how 


| tanks, new or old, full or empty, are 
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| metal including aluminum or galvanized 


| 


...f0r use in any position 
with AZ or DC current 


What ONE electrode can handle 80% 
of all your production work? What ONE 
_ electrode is today’s best buy for all-pur- 
pose welding? The answer to both ques- 
tions is the same —the 

Hobart “12” It’s truly 

@ premium electrode in 

both quality and per- 

formance — yet actually 

costs you less than any 

other E-6012 electrode 

because it gives you 

more actual weld de- 

posit, increased produc- 

tion, less clean-up time. 


YOU CAN STANDARDIZE on Hobart 
“12""—many of the country’s largest fab- 
ricators of tanks, automobile frames, ag- 
ricultural implements, etc., already have. 
They tell us that the Hobart “12” is the 
most versatile electrode they have ever 

used. They tell us, too, 
that the Hobart “12” 
goes further—leaves 
more actual weld de- 
posit per electrode be- 
cause there’s less spatter 
and less stub loss, even 
when higher than nor- 
mal welding currents 
are used. 


You've tried the rest . . . now try the 
best. Write us today for complete elec- 
trode catalog and free samples of the 
Hobart ‘12’ to try on your next job. 
You'll be glad you did. 


HOBART BROTHERS COMPANY 


Simplify all your welding 
by using HOBART EL 
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“One of the world’s largest builders of arc welders” 
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argon or helium where 
accurate flow control is essential 
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WELDING EQUIPMENT CO., San Francisco 5, California 


Made by 
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for the rare gases _ 
° 


tested, inspected and measured. Also, it 
points out the important role being 
played by isotopes in che king the quality 
of welds in oil tank and pipe-line construe- 
tion 

Copies of Isotope Newsletter may be 
obtained by writing to Isotope Products 
Limited, Box 127, Oakville, Ont., Canada. 


Welding with Stainless Steel 
Electrodes 


This is a 32-page booklet with heavy 
paper, covering welding of practically 
all types of stainless steels. Price $0.25. 
Published by The Lincoln Electric Co., 
Cleveland 17, Ohio. It contains reprints 
of material from the Procedure Handbook 
of Are Welding Design and Practice, and 


was published so as to make this informa- * 


tion more generally available. 


Service Bull 


Positions Vacant 


\V-277. Technical Sales Representative 
for welding equipment and accessory field. 
Young man 25 to 30 years with some 
knowledge of metallurgy and welding. 
After intensive training, to address sales- 
men's groups and local sections of the 
AWS on preheating, postheating, etc. 
Straight salary and all traveling expenses 
and a chance to move ahead with growing 
firm. Give complete résumé of education, 
specialized training, and business experi- 
ence in first letter. 


Welding Engineers: (1) GS-12, $7040 
per annum and (2) GS-11, $5940 per 
annum. For development of welding 
and associated procedures, ferrous and 
nonferrous metals. Requirements include 
metallurgical training and experience in 
test procedures. Electrical Engineer: 
(1) GS-11, $5940 per annum. Require- 
ments include experience in induction 
heating, instrumentation and _ electrical 
testing incidental to development of 
welding procedures. Welding and Elec- 
trieal Laboratory, U. S. Naval Engineer- 
ing Experiment Station, Annapolis, Md. 
In Baltimore contact: J. H. Siegel, 5150 
Edmondson Ave., Wilkens 0428. 


Services Available 


A-630. Graduate B.S. in E.E.; 7 
years’ experience as welder, including 4 
years’ apprenticeship; 1'/: years techni- 
eal experience as Asst. Welding Research 
Engineer and Chief Inspector. Married. 
Age 29. Desires Eastern location. 
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for Stainless Steel WELVING 


AC-DC 
Electrodes 


GAS 
Welding Rods 


made by 


BURNING... 


stable even at lower heats 


SLAG... 


clean, easily removed 


COATING... 


resists cracking down to very short stubs 


SELECTION... 


complete line for welding 
every type of stainless 


/ 
of 


Get in touch 


with your PAGE distributor 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 


VY aonessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Portiand, San Francisco, Bridgeport, Conn. 
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LINK SINGLE POINT, AIR-OPERATED 
PEDESTAL TYPE WELDERS 
Above: Model SWM-680 with 75 KVA 


Transformer, volt primary per 


maximum secondary voltage. Also 
available with 70 KVA Transformer, 
5.0 mini te 7.1 i second- 


ary voltage. 
Alse evailable; Medel 2WM-629 
Transformer capacity, 
7220-440 volt | per specifications, 
ini te 5. i 


COMBINATION SPOT AND 
WELDERS 


Combus' 
KVA Transformer 
A br selection of + 


“THE STRONGEST IN YOUR PRODUCTION CHAIN” 


LINK LIGHT, MEDIUM, HEAVY DUTY 
PROJECTION 


Below: Medel #WM-725 Medium 
tien Projection Welder with | = 


ond 


LINK WELDER 


CORPORATION 


end Monutocturers of High Prod 


13684 WEST BUENA VISTA 


DETROIT 27, MICHIGAN 
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submit your welding problem® to Link | 
welder: You will receive complete: 
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metal show 


TRADE INOLD IDEAS FOR NEW... 


The most valuable asset of the Big 
Metal Show beyond its impelling hold 
on all metals industries people lies in 
its singular virtue of sparking new 
ideas and changing old concepts of all 
things concerning metals. Don’t miss 
this Big Metal Show . . . it'll be jam- 
packed with stimulating, refreshing, 
different idea-changers. 


OCTOBER 20-24 


PHILADELPHIA, PA. 


NATIONAL METAL EXPOSITION 
NATIONAL METAL CONGRESS 
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» tempering 

forging 
casting 
molding 
drawing 
straightening 
| heat-treating 
in general 
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PRODUCTS 


Are Welding Thin Material 


The Synchro Electronic Corp., 1565 
Railroad Ave., Bridgeport, Conn. is now 
producing a new type of are-welding 
equipment (Fig. 1). They are placing 
this apparatus on the market and are 
equipped to do development work in their 
laboratories. The process has been 
specifically developed for are welding all 
types of weldable material in sheet thick- 
nesses below 0.020 in. 


Fig. 1 


In the past the difficulties met in weld- 
ing thin materials with an are have been to 
exactly control the amount of energy being 
utilized. The Synchro Electronic Corp., 
with its Energy Storage Arc-Welding 
System, has solved this problem. 

The patented system, employing the 
energy storage principle, is a simple one. 
Energy is stored in a capacitor bank, then 
discharged into the are. This process is 
repeated at a rate of 60 (or 120) times a 
second. 

The energy stored in the capacitor bank 
can be uniformly varied from any desired 
minimum to any desired mazimum value. 
The control is fully electronic and the 
uniformity of welding may be held to very 
close limits. Thus the eractly correct 
and constantly r d energy in the 
are which may be required for any given 
thin section can be easily obtained. 

A wide variety of materials can be 
welded by this process. Among them are: 
ferrous materials and alloys including 
stainless steels; aluminum and aluminum 
alloys; nickel and nickel alloys including 
Ni-Span C; bimetals; copper, brasses, 
bronzes, beryllium copper and other 
alloys; precious metals, 

Uniformly high-quality are welds result 
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Figure 2 
as Dhosphor-bronze diaphragm pieces welded 


diaphragm pieces welded at 


Top row to eight): 
at inner hole junction. (2) Sho 
outer edge. 


welded bellows produced by 
Second row: Aluminum flashlight shell ex 
Third row (left to bo sheets (1) Ni-Span-C 
(3) Brass head in 
Bottom row (efi to to qa) 
= 1, tested to 44 -o at which 
at bellow 


from the precision control of all the factors 
entering into the production of an are 
weld made on the Synchro Electronic 
Corp. units. The linear speed of welding 
and the length of the arc, for example, are 
unit adjustments which are not varied 
during the welding. The welding speed 
is motor controlled and the work is moved 
under the stationary welding electrode. 

Welds are made at linear speeds ranging 
from 7 to 15 fpm depending upon gage 
and type of weld. No metal is added to 
the weld. 

The above speeds are based on a half- 
way 60-cycle unit. The speed of welding 
can be increased by applying 4 full wave 
unit or increasing the frequency depend- 
ing upon the speed desired. 

Illustrative examples of the work done 
by this new process are shown in Fig. 2. 


Portable X-ray Units 
The rapid development in welding tech- 


nique, particularly in shipbuilding, struc- 
tural engineering and pressure vessel 


New Products 


combination welding inside and outer edge of diaphragm pieces. 


phor-bronze automobile t 


-bronze all- 


sanded after welding 
ijuphragm. (2) oo weld on pure nickel. 
bellows. 


phragm as it left the welder. (2) Same as 


oe blew off. (3) Brass head welded in brass 


manufacture, involves a steadily increasing 
need for reliable and conveniently portable 
X-ray units for radiographic examination 
of welds in finished structures. 

To meet this demand a prominent Euro- 
pean manufacturer of X-ray equipment, 
Carl Drenck, of Copenhagen, Denmark, 
has developed the FEDREX units after 
exhaustive research and experimentation. 
The result is a product the design of which 
denotes a distinct departure from tradi- 
tiona! lines. One of the most important 
characteristics of the new FEDREX units 
is the integral design combining X-ray 
tube and all other high-tension parts in 
one single, all-welded steel tank. 

A complete FEDREX unit consists of 
two parts: An X-ray unit containing 
X-ray tube, high-voltage transformer, 
filament transformer, cooling pump and 
control panel comprising instruments, 
regulating devices, exposure timer, safety 
relays, ete. 

These two units only require to be con- 
nected by one single low-tension cable to 
make the equipment ready for service 

High-tension cables, cooling connec- 
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PENNSYLVANIA OPTICAL COMPANY 


The 220 Series 


Orde 
and Save! 
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The new 220 Series Goggles 
are designed to give the utmost in eye 
protection. Comfort is assured during 
continued wear by proper balance 
combined with lightness of weight. 
This results in worker approval and 
a higher factor of safety. Varied 
combinations make these goggles 
adaptable to many industrial oper- 
ations requiring positive eye protection. 


ITS NEW 
LINE OF 
SAFETY 


* Metal construction combines comfort 
with strength and long life. 


* Designed to permit unobstructed side 
to side vision. 


* Heat treated safety lenses, individually 
tested for impact resistance, and exam- 
ined for optical perfection. 


* Flat or curved lenses—either clear or 
absorptive green in medium, dark and 
extra dark shades. 


%* Many combinations of side shields, lens 
sizes and bridge widths. 


For illustrated folder, containing prices and detailed informa- 
tion, write directly to Pennsylvania Optical Co., Reading, Penna. 


p Direct pennsyivania OPTICAL COMPANY 


READING, PA. 


Known for Fine Ophthalmic Products Since 1886 


ANNOUNCES 


GOGGLES! 
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arcos A.W.S. 
GRADE SPEC. 


Tensilend 70 E7016 
Tensilend 100 
Tensilend 120 £12015 
Manganend 1M E9015 
Manganend 2M £10015 
Nickend 2 E8015 
Chromend 1M E8015 
Chromend 2M E90IS 
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Use ARCOS Low Hydrogen Electrodes 


With Arcos Low Hydrogen Electrodes you can pro- 


duce sound weld metal without the need for preheat | 


or post heat frequently required with mild steel 
electrodes. Correct selection and blending of coat- 
ing ingredients, and controlled-cycle, high temper- 
ature baking produce a moisture-controlled coating 
that safely minimizes the gases released in welding. 

The moisture-proof wrapping on every 5 and 10 
lb. package in a box of electrodes prevents mois- 
ture pick-up in shipment and storage. 

Added together, these Arcos “quality controls’ 
assure you consistently sound weld metal on every 
high tensile steel application. ARCOS CORPORA- 
TION - 1500 South SOth St., Philadelphia 43, Pa. 


Specialists in rN Low Hydrogen and Non-Ferrous Electrodes 


984 


New Products 


tions, separate transformers and cooling 
pumps have been completely eliminated 

Exclusive U. 8. distributors, Holger 
Andreasen, Inc., 703 Market St., San 
Francisco 3, Calif. 


Gouging and Cutting of Metals 


The “Arecair” process of gouging and 
cutting all metals, using only carbon arc 
and compressed air, will be demonstrated 
to visitors at the National Metal Exposi- 
tion, Philadelphia, October 18-24. The 
exhibit is planned to include a working 
demonstration plus on-the-scene color 
photographs of the process in use in varied 
industrial applications. 

A new product, the Arcair Torch for 
gouging and cutting is reported by its» 
manufacturer as having received wide- 
spread adoption by fabricators for remov- 
ing welds, cleaning roots of welds and 
grooving plate; by foundries for removing 
casting defects, and by construction 
firms, railroad shops, oil contractors and 
others for general purposes. The torch 
operates on ordinary d-c welding current 
and features air-control valve, adjustable 
electrode angle, self-aligning jet and con- 
centric cable. 

The Areair Torch is manufactured by 
Areair Co., 2614 Burwell St., Bremerton 
Wash. 


“Mir-O-Col 45-90 Method” for 
Rebuilding Tractor Rollers. 
Ete. 


The Mir-O-Col Alloy Co., Ine., 340 N 
Avenue 21, Los Angeles 31, Calif., placed 
on the market a new low cost ‘*Mir-O-Co!l 
45-90 Method” for rebuilding tractor and 
shovel rollers, idlers and rails. Developed 
after years of research and field testing, 
the Mir-O-Col 45-90 Method is described 
as combining the impact resistance ol 
Mir-O-Col No. 45 wire with the abrasion 
resistance of Mir-O-Col No. 90 wire into a 
“build-up”’ with exceptionally high wear 
resistance, 

The new Mir-O-Col 45-90 Method, 
states the company, will enable users to 
cut tractor and shovel roller, rail and idler 
rebuilding costs to a fraction of new part 
replacement costs. 

Mir-O-Col No. 45 automatic wire has « 
high nickel content to withstand heavy 
impact and can be used in multiple-pass 
operations with no spalling. Hardness of 
deposit is from 22 to 28 Rockwell C. 
Mir-O-Col No. 90 automatic wire con- 
tains chromium, molybdenum and vana- 
dium, and has a Rockwell C scale hardness 
of 46 to 48. It is claimed that both wires 
are readily adaptable to the submerged arc 
process of welding. 

Coupled with the development of these 
two automatic wires, the Mir-O-Col Alloy 
Co., Inc., has developed new automatic 
welding heads and positioners for the Mir- 
O-Col 45-90 Method. 
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A new 12-page illustrated brochure, 
“Mir-O-Col 45-90 Method for Automatic 
Rebuilding,”’ is available when requested 
on business letterhead. 


Organic Metallic Bonding 
Agents 


An exclusive agreement has been 
reached by the ChemoTec Division of the 
Eutectic Welding Alloys Corp., and the 
Ciba Co., Ine., to exploit the processes de- 
veloped from a fundamentally important 
line of new materials that perform unique 
functions in bonding metals such as: 
titanium, magnesium, aluminum and all 
the metals and alloys commonly in use, 
together with glass, wood, porcelain, 
plastic, ete. These may be joined to each 
other or metal may be joined to glass, 
fabric to metal, or glass to wood, 

It is reported that a great deal of re- 
search and investigation has been done by 
Ciba in this field, and ChemoTec intends to 
continue this preliminary work in its lab- 
oratories. ChemoTec will manufacture 
and market under Ciba license using its 
basic materials and processes. 


Inks for Crack Detection 


The Physics Department of Manchester 
Oil Refinery Ltd. of Manchester, England 
announces that it has recently developed 
two petroleum-based types of ink for non- 
destructive crack detection for both mag- 
netic and nonmagnetic materials. 

The first of these products is Supramor 
Electro-Magnetic Flaw Detection Ink for 
the detection of both subsurface and sur- 
face flaws in ferrous metals. The second 
is Glo-Mov Fluorescent Crack Detection 
Ink for indication of surface cracks in non- 
ferrous alloys and plastics. 

Full details of the method of application 
and the type of indication produced may 
be obtained by writing to Manchester Oil 
Refinery Ltd., Twining Road, Trafford 
Park, Manchester 17, England. 


Combination Welder and 
Charger 


Mid-States Welding Manufacturing Co., 
Chicago, Ill., announces a new combina- 
tion a-c are welder and battery charger, 
reconnectable for 110- or 220-v operation. 
The new welder, Model 175-BC, lists the 
following features: 15 to 175 amp output 
range; 140 amp rated output; arc voltage, 
25 v; open circuit voltage, 65 v; power 
factor correction 75%; duty cycle at 
rated amperage load, 50%; duty cycle 
above rated amperage load, 20%; 36 amp 
draw at 220 v; kva at rated output, 7.9; 
battery charging rate, 6 d-c amp. 

The new Mid-States combination welder 
and charger handles rods from '/\_ to */i¢ 
in. and is also available without battery 
charging circuit, The new Model 175-BC 
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Use ARCOS Stainless Electrodes 


Because Arcos applies a series of mechanical performance tests 
for strength, toughness, and ductility to all types of Stainless weld 
metal, you can be sure that your deposits with Arcos Stainless 
Electrodes will be physically “‘right’’. Whatever the job require- 
ment—ability to withstand heavy loads, high pressures, or severe 
shocks—you'll get the results you want. 

Other Arcos “quality controls’’ assure that the weld metal will 
be chemically and metallurgically ‘‘right’’ as well. That's why 
it will pay you to depend on Arcos Stainless Electrodes for the 
correct combination of properties that lead to sound welds on 
every job. ARCOS CORPORATION - 1500 South SOth St., 
Philadelphia 43, Penna. 
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Specialists in Stainless, Low Hydrogen and Non-Ferrous Electrodes 
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What happens when an aircraft manufacturer turns his talents 
to house trailers? At Spartan Aircraft Company in Tulsa the 
result, as you might expect, is a mobile home embodying the 
best features of aircraft design: light, yet strong, with mini- 
mum wind resistance; compact, yet commodious and com- 
fortable. Spartan’s mass production techniques bring a com- 


pleted trailer off the line every 18 minutes. Seven NCG 
Sureweld A-C Welders, centrally positioned, permit fast, effi- 
cient welding of chassis frames. A Sureweld Portable D-C 
Welder (shown below the A-C machines) is a timesaver for 
maintenance and repair at Spartan. It can be moved quickly 
and easily anywhere throughout the big 40 acre plant. 


@Three NCG automatic flame cutting 
machines help speed production at the 
Whiting Corporation, Harvey, Ill, one 
of the nation’s leading producers of 
foundry and railway equipment, mate- 
rial handling equipment, rotary shears, 
chemical equipment and special 
machinery. Two of the machines are 
mounted on one long table to provide a 
40-foot cutting length. Parts being cut 
in this picture are for Whiting’s new 
“Trackmobile.” Whiting has used NCG 


at Welded Steel Shapes, Inc., structural! 
steel fabricators at Coatesville, Pa. 


: 
| ‘ At Richt: Rego KX Hand Cutting > 
4 p Torches and NCG’s Cut-O-Matic and 
+h 
| i the fabrication of buildings and bridges 


Get done faster 
and better with NCG 


In times like these when all basic costs are 


In plants and shops high, one of the solutions for profitable pro- 
duction is selecting tools that will help get 
across the country NCG jobs done easier, faster and better—that can 
h be depended on, too, to stand up under heavy 

hout costly maintenance. 
ipment is proving that — y 

equ pm Pp g NCG customers from coast to coast are get- 


° ting this profitable kind of help from NCG 
if can get work done equipment. You can get it, too! 

. Whatever your needs are for welding or 
more profitably flame cutting equipment, find out what NCG 


has to offer before you make a choice. Your 
nearest NCG office or the authorized NCG 
dealer in your locality is able and anxious to 
help you. And you'll like the interest they 
take in making your problems their own. 


EVERYTHING FOR WELDING 


NATIONAL CYLINDER GAS COMPANY 
Executive Offices: 

840 North Michigan Avenue, Chicago 11, lilinois 

© 1952, Nationa! Cylinder Gas Co. 
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ELECTRODE COSTS | 


KAPTRODE* 


*Trode Mark 


SPOT WELDING 
ELECTRODES 


The new WW Kaptrode Electrode is 

a small cap type electrode which fits 

into a semi-permanent Kaptrode 

Adapter Shank. This in turn fits into 

any standard Morse taper type holder 

of appropriate taper size. The entire 
assembly makes a highly efficient water- 
tight and electrically-efficient unit. 

@ COPPER SAVINGS—75% and more 
with widespread, careful use. 

@ ELECTRODE COST SAVINGS— 
20% and up in ordinary shop opera- 
tions; careful operators save as high 
as 50%. 

@ INVENTORY SAVINGS— 30% and 
up; only small supply of shanks needed; 
electrodes are interchangeable; one 
shank with proper care should outlast 
ten or more. 

@ TIME SAVINGS—Kaptrodes quickly, 
easily inserted and removed. 

@ MAINTENANCE SAVINGS—in 
majority of cases, the Adapter Shank 
may be left permanently in the 
holder, saving maintenance and 
changeover time. 

For the toughest electrode-consuming 

job in your plant, 

order a supply of 

WW-Kaptrode 

Electrodes NOW! 

\ 22803A 

WEIGER-WEED & CO. Division of Fansteel Metallurgica 

orp * 11644 Cloverdale Avenue Detroit 4, Michigan 
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welder is covered by the Mid-States regular 
5-year burn-out proof guarantee. 

The announcement states that the new 
welder meets NEMA Standards and REA 
Specifications. The amperage range is 
said to be wide enough to meet any farm, 
maintenance or repair shop requirement, 

Complete details and specifications on 
the new Mid-States combination welder 
and battery charger may be obtained by 
writing Mid-States Welding Manufactur- 
ing Co., 6025 8. Ashland Ave., Chicago 36, 
Ii. 


Electric Tubular Heaters 


The Edwin L. Wiegand Co., 7500 
Thomas Blvd., Pittsburgh 8, Pa., an- 
nounces that it has developed an electric 
tubular heater as a new aid in welding 
steel pipe and plate. The heaters are in- 
tended to reduce the temperature differ- 
ential between the weld area and adjacent 
metal, with its attendant advantages, such 
as controlling the “‘locked-in’”’ stresses that 
frequently cause failure of welded parts. 


By placing the heaters between the weld 
line and larger sections of cold metal, a 
“heat dam” is formed which slows con- 
duction of heat away from the weld. In 
the case of a straight line weld, heaters are 
held in place about six inches from the 
weld line by bolting them to tack-welded 
studs. Special heater shapes are similarly 
attached to fit the heat to various weld 
contours, 

The heater elements are triangular in 
cross section, and one flat side is in contact 
with the work to give fast and efficient 


New Products 


heat transfer. The triangular construc- 
tion also gives good physical strength to 
the heater for this rugged type of work. 

In operation the heaters are turned on 
before welding begins until a temperature 
of 400-500° F is attained in the weld zone 
—and they are left on after welding is 
completed. These preheating and post- 
heating periods vary according to type and 
thickness of the metal. 


Head and Tail Stock Positioner 


The Aronson Machine Co. announces « 
new item in their line of welding posi- 
tioners. As shown in the accompanying 
photograph, its purpose is to rotate large 
pieces between centers. The tables are 
the face plates and the workpiece is at- 
tached to them. The rotation is in one 
plane only, the horizontal rotational axis. 
The operation is similar to a lathe except 
the speeds are much slower, 1.13 rpm con- 
stant speed, and they are primarily for 
welding, either manual or automatic. 


The following features are claimed for 
the three models HTS5, HTSI2 and 
HTS32 with capacities 5000, 12,000 and 
32,000 respectively: 

(a) Magnetic brake motor operated 

with magnetic reversing starter. 

(b) 110-v control circuit on remote push 
button station. 

(c) Anti-friction bearing throughout. 

(d) Mereury grounding on both head 
and tail stock. 

(e) Cam yoke roller on table for backup 
to prevent table deflection under 
load. 

(f) Direct drives without belts or chains. 


For additional information write to 
Arsonson Machine Co., Areade, N. Y. 


Acetylene Regulator 


The development of a new, Prest-O-Lite 
acetylene regulator, with ample capacity 
for the most efficient use of any air-acety- 
lene torch or appliance, has been announced 
by Linde Air Products Co. This R-411 
regulator is designed for small tank appa- 
ratus such as paint burning and soldering 
outfits used by painters, plumbers and re- 
frigerator repairmen. 

It is claimed that acetylene at pressures 
up to 13 psi can be delivered through this 
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TEXAS 
JUNE 16-19, 1953 


Come- to the welding-minded Southwest 


where America has invested bil- 
lions in creating a new industrial empire. 


| national 


and speed production. 
and 


CAN- the latest news on engineering 
development from the Industry's W LD N and 


foremost authorities. 


ALLIED INDUSTRY EXPOSITION im 

the tremendous industrial de- 
velopment along Houston's Ship in the 

Channel; now second in U. S. shipping tonnage. 2 


| air conditioned 
that in any equivalent area in the world. A M 0 K OTEL and 


west’s highly diversified indus- 
trial market—which knows welding—wants weld- 
ing—and buys welding. 


- 
* Booth 


Plau- to attend this all-welding event 


at the famed Shamrock Hotel Reservations. Rent- 
and connecting Hall of Exhibits—both fully air als and Floor 
conditioned for your comfort. plans on request. 


QE, For Additional Information 
Communicate with 


NATIONAL SECRETARY 


CNW) AMERICAN WELDING SOCIETY 


A 33 West 39th St. New York 18, N. Y. 
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regulator. Once set, the R-411 automati- 
cally delivers gas at precisely correct work- 
ing pressure. It eliminates the need for 
frequent adjustment of pressure at the 
tank valve and saves gas since excessive 
acetylene pressure is never used and 
wasted. 


for less! 


Are you still using costly silver solders to braze copper, brass or 
é t Phos-Copper and the sensational new 
Phos-Silver will braze these metals at a fractionof the costof silver 
solder and do the job better and faster with these advantages: 


bronze? The time-test 


Additional features attributed to this 
regulator are simplified replacement of the 
fabric-reinforeed rubber diaphragm, valve 
seal and filter screw. These are the only 
parts that will require replacement even 
after long periods of normal use. The 
pressure gage shows tank contents at a 
glance on a dial calibrated at '/2, 
and full, similar to an automobile gasoline 
gage for easy reading. 


New Welding Heads for **Prest- 
O-Weld” Blowpipes 


A series of 13 new welding heads for 
welding and heating work on practically 
any metal from 32 gage to more than 1 in. 
in thickness, is announced by Linde Air 
Products Co., a Division of Union Carbide 
and Carbon Corp. 

The new heads fit interchangeably on 
Prest-O-Weld W-121 and W-122 welding 
blowpipes. All heads are of the snap-in 
type, and are attached to either blowpipe 
handle by means of a hand-tightening 
connection nut. Since no wrench is needed 
to get a firm, gas-tight seal, head changes 
take only a few seconds. 

Two synthetic rubber “O” rings (see 
illustration) on each mixer make possible 
the use of timesaving snap-in type heads. 

Head sizes are spaced so that welding 
ranges overlap. Size numbers, from 2 to 


100, are stamped on each head. They 
indicate the flow rate, in cubic feet per 
hour, of oxygen and acetylene when heads 
are used at recommended operating pres- 
sures. Knowing the flow rate makes it 
easy to estimate gas consumption for any 
job. 

Once connected to the front of a blow- 
pipe, the heads can be turned on the 
handle to point in any direction. 


Heavy-Duty Holders and Elec- 
trodes for Spot Welding 


The new Mallory heavy-duty “Nu- 
Twist” holders and electrodes represent an 
entirely new approach to electrode-holder 
construction for spot welding forces over 
6000 Ib, according to an announcement by 
P. R. Mallory & Co., Ine., Indianapolis 
They are designed with flat mating sur- 
faces between holder and electrode. This 
eliminates threaded and tapered connec- 
tions. The electrode supposedly cannot 
jam in the holder. The flat surfaces 
effectively support the highest welding 
pressures, yet the electrodes can be 
quickly and easily removed by hand. No 
tools are required. 


Buy “PROVEN FLUXES” 


No. 
No. 4 


in a Years of GUARANTEED SATISFACTION 


Insist on them — Unequalled Quality 


No.1 Cast lron Welding Flux 

2 Brazing Flux for Brass, Bronze | 
Braz-Cast Flux for Bronze Welding Cast Iron 
No. 5&8 Cast & Sheet Aluminum 
No.9 Stainless Steel Welding Flux 


ble. 19 Compound 
No. 16. Silver Solder Paste Flux 


Mis. By 
ANTI-BORAX COMPOUND CO., INC. 


behind these GOOD 
“ANTI-BORAX” FLUXES 


ete. 


Fort Wayne, Ind. 


Ne Flux: On copper-to-copper joints, a flux is not requi 
when using Phos-Copper or Phos-Silver. 

Low Temperatures: Phos-Copper permits brazing tempera- 
tures as low as 1350° F. Where even lower temperatures are 
required, Phos-Silver may be used as low as 1225° F. 


high and excellent wetting proper- 
ties o s- per an s-Silver assure strong, ductile and structural be welded. 
bonds capable of. withstanding repeated shock and vibration. 


For further information call your nearest Westinghouse office or K3A Clip K3A permits an adjustable connec- 
write Westinghouse Electric Corporation, Welding Division, tion. 
Buffalo, N. Y. Ask for Brazing Booklet B-5454. j-20712 | 
These widely used units eliminate all hole punching, and, with 
welding, produce the most economical, safe, and quickly erected 
structural frame. 
Write for 1951 edition, Structural Welding Practice Manvol. 


J. H. WILLIAMS & CO. 

Buffalo 7, N. Y. 

AIR REDUCTION CANADA, LTD. 
| Montreel 2, Canede 


WELDING CONNECTORS 


Saxe Welding Connection Units position 
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The Right Way to Say Berd 
facing for every Industri 


EAST 14th STREET - CHICAGO. HEIC 


Other Plants: New Castle, Del., Denver, Oakland, Col., Los Angeles, St. Louis. in Canada: Joliette Steel Division, Joliette, Que. 
Amsco Welding Products. distributed in Canada by Canadian Liquid Air Co., Ltd. 
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Other construction features claimed for 
the new holder are: (1) Manually operated 
electrode locking nut requires no tools. . . 
permits easy removal and replacement of 
electrodes. Unique, double grooved con- 
struction in bore of locking nut positively 
aligns electrode centrally in the holder and 
locks electrode in position. (2) Flat 
mating surfaces between electrode and 
holder withstand highest pressures and are 
silver plated for lowest contact resistance. 
(3) “O” Ring seal provides watertight 
connections at all times. Coolant hole 
and wall thiekness of the electrodes are 
properly proportioned to insure efficient 
cooling with adequate metal section to 
carry the higher welding currents without 
overheating. (4) Retractable coolant 
head permits retracting adjustable cool- 
ant tube when removing or installing 
electrodes. Coolant tube automatically 
locks into normal position when coolant 
head is pushed back into the operating 
position, 

Mallory ‘““Nu-Twist” holders are avail- 
able from stock in 8- and 12-in. lengths and 
in 2 and 2'/:-in. barrel di- 
ameters. Electrodes are available from 
stock in Elkaloy A, Mallory 3 and Mallory 
100 Metal. Complete technical informa- 
tion is available on request. Write P. R. 
Mallory & Co., 3029 E. Washington St.. 
Indianapolis 6, Ind. 


All-Plastic Welding Helmet 


A seamless all-plastic welding helmet is 
announced by The Boyer-Campbell Co., 
6540 St. Antoine St., Detroit 2, Mich. 
The shell is made from a thermo-setting, 
Fiberglas, reinforced polyester resin by 
compression molding. It is reported to be 
exceptionally strong and moisture resist- 
ant, will not warp and is lighter than 
vulcanized fiber. It is easily cleaned and 
sterilized. A complete insulating glass 
holder, made from shredded canvas base 
Bakelite, provides strength and lightness, 
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There are four different models: Plastic 
No. 1130 or No. 1136 Lift front; No. 1085 
Insulated Steel or No. 1096 Insulated 
Dowmetal. 

For additional information write to the 
company at the above address. 


Air-Acetylene Outfit 


Full capacities of five separate outfits 
for soldering, heating and light brazing are 
combined in one new Prest-O-Lite 5-in-1 
Precision Outfit being produced by Linde 
Air Products Co. It is claimed that all 
work, from very fine soldering in radio and 
television sets to work requiring a large 
volume of heat, such as thawing frozen 
pipes and light brazing, can be handled by 
this outfit. 

Four open-flame torch stems and a 
pointed copper soldering iron attach inter- 
changeably to a newly designed precision 


control handle which is equipped with a 
pilot needle valve contained in the shutoff 
valve. This valve can be adjusted to 
keep only a small pilot flame burning, to 
save gas on intermittent work. A flip of 
the thumb (one-quarter turn) operates the 
shutoff valve. 

The acetylene pressure regulator in- 
cluded in this outfit is also of the latest 
design. It is fully adjustable to deliver 
acetylene at any pressure up to 13 psi as 
long as usable pressure remains in the tank 
No adjustment is needed on the cylinder 
valve to compensate for decreasing cylin- 
der pressure. 

Hose with standard “A”’ size (left-hand 
thread) hose fittings and a metal carrying 
ease for all parts complete the outfit. 

A 4-in-1 outfit also is being produced in 
the Prest-O-Lite line of apparatus. This 
smaller outfit covers the same range o! 
work with the same parts as the larger 
combination but does not include a 
soldering iron for working in locations 


TRACTOR SHOES LAST 


When You... 
Repair Worn 


TRACTOR 
GROUSERS 


With 


U.S. 


150,000 p.s.i. 


—cost less than new parts. 


metal. 


LONGER . . . COST LESS 


Patents 


11%-1312% Manganese- Nickel Steel 
SPECIAL SHAPE 
APPLICATOR BARS 


e@ Workharden to 550 Brinell. Tensile strength to 
@ Provide stronger, longer-lasting replacements 


© Practically eliminates build-up welding. 
Easily fabricated hot or cold without injury to 


Outlast other steels due to its extreme tough- 
ness and high resistance to impact and abrasive 


SOLE PRODUCERS RAILROAD AVE. NEWARK, N. J. 


1,876, 


booklet on the newest 

methods of economical 

repoirs to TRACTOR 
SPROCKETS, ROLLERS, 

— BLADES, COR. 
NER BITS 


NEAREST DISTRIBUTOR 
UPON REQUEST 
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OK48P 


Tomorrow’s Electrode 


supplied today 
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The low hydrogen lime ferritic electrode 
OK48P Is THE RESULT OF BASIC RESEARCH AND 
[15] YEARS’ EXPERIENCE OF LIME FERRITIC ELECTRODES AND 


50 


OK 48P ic « tow hydrogen lime ferritic electrode with 
@ basic coating. It hes all the edventoges of this type, lacking 
the disedventoges which usually limit its use to those critical 
locations and structures which may be subject to low tempera- 
ture impacts during service. 


OK48P is @ general purpose electrode. In Sweden 
OK 48 P together with similar basic electrodes make up 
more than 60 %o of the consumption of mild stee! electrodes. 


OK48P corresponds to the E 6015 class welding in 
all positions. (For the E 7015 class the OK 55 P is used with 


the same advantages es OK 48 P.) 


OK48P gives « good quality weld, free from pores 
and cracks, also in steel containing impurities such as sulphur 
and phosphorus (within wide limits) as well as even rather high 
percentages of carbon and silicon. 


OK 48P is suitable for stecis with high tensile strength 
es well as for special steels, stee! castings and even for 
east iron, all of which can be welded only if the welding 
material is ductile enough to take up the deformations which 
are unavoidable in connection with welding. 


OK 48P is delivered well protected ageinst humidity. 
lt is packed ardboard boxes containing about 12 ibs of 
electrodes. Six of these boxes are enclosed in Sfwooden 
case lined hermetically sealed by welding. 


YEARS’ EXPERIENCE OF WELDING ELECTRODES IN GENERAL 


Compered with the lime ferritic electrodes generally used 
the OK 48 P has the following advantages: 

OK48P has a higher burn-off rate, not only than other 
lime ferritic electrodes, but also than welding electrodes im 
general. 


E 6020 
OK 48 OK 44 OK 46 OK 49 OK 


4mm @ (5/32") 


Net burn-off time for 
depositing 1 kilo material 


Minutes | 30.5 | 26.3 | 35.8 | 26.0 | 332 
Gross burn-off time 
(= net burn-off time + 2 
minutes for each change 
of electrode) Minutes | 72.1 107.7 |107.2 | 76.4 | 952 


OK48P has a brittle slag, easy to remove. As in addi- 
tion the slag easily separates, there is less risk for slag in-~ 
clusions than with other electrodes, even some of 


be left after slag removal. 


OK48P does not necessitate any changes in stendandl : 
weld groove preparations. 

OK 48 P ests tess per kilo deposited materiol than do 
organic rutile type electrodes, even aport from the lower | 
labour cost that is owed to high metal recovery (115 es 
high burn-off rate and long electrodes (18°). 

OK48 Pr has a good penetration which lies half between 
that of the E 6010 and that of the E 6012 class. 


MAKE GREAT DEMANDS ON O[XK48P 


IT WILL SATISFY THEM 


FOR COMPLETE INFORMATION PLEASE WRITE DIRECTLY TO THE MANUFACTURER: 


BOX 850 
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TELEGRAMS: ESAB 


TELEX: 


995 


where an open flame would not be practi- 
eal. A plastic roll-up kit in which to 
earry the handle, stems, regulator and hose 
is substituted for the metal case. 


Overhead — Electric 


Cranes 


Traveling 


Shaw-Box Crane & Hoist Division of 
Manning, Maxwell & Moore, Inc., Muske- 
gon, Mich., announce a new line of 
standardized Overhead Electric Traveling 
Cranes of from 1 to 20 tons capacity iden- 
tified as Series “D” “Load Lifter” Electric 
Traveling Cranes. Made of nearly all 
welded construction, these new cranes are 


intended to provide adequate crane service 
for average industrial requirements at 
prices much less than those of the usual 
heavy duty industrial service electric 
cranes, This line does not replace any 
eranes already in the “Shaw-Box”’ line, 
but supplements the line to broaden it. 
The new line is made up of three distinct 
types, each developed for specific require- 
ments that exist throughout industry. 


Welding Blowpipes Use “O”’- 
Ring Seats 


Two new Prest-O-Weld welding blow- 
pipes, announced by Linde Air Products 
Co,, a Division of Union Carbide and 
Carbon Corp., feature synthetic rubber 
“O” rings that seal each welding head to 
the blowpipe handles. There are no metal- 
to-metal gas seals to maintain. The new 
“QO” rings are claimed to be long-wearing, 
inexpensive and easy to replace. 


ps 


In addition to eliminating metal seals, 
the “O” rings supposedly make possible 
the use of quick-change welding heads that 
snap in place and are held firmly to the 
handle by a hand-tightening connection 
nut. No wrench is needed to get an effec- 
tive gas-tight connection, 

Type W-122 welding blowpipe (see illus- 
tration) is designed for continuous, heavy- 
duty welding and heating of practically 
any metal from 32 gage to more than | in. 
in thickness. The new Type W-121 blow- 
pipe is 1'/, in. shorter than its heavy-duty 
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mate, and is for users with a large volume 
of welding work on materials from 32 gage 
to in. thick. 

Both blowpipes are said to be highly 
resistant to flashbacks. Their flame sta- 
bility results partly from using a coiled 
oxygen delivery tube in the blowpipe 
handle. This cushions any back flow of 
gases. A steady flame is obtained, regard- 
less of valve settings. 

Handles of the new Prest-O-Weld blow- 
pipes are shaped for a comfortable grip. 
The balanced weight distribution of both 
blowpipes makes them easy to handle in 
any welding position. 


Automatic Grinding Fixture for 
Welds 


Solar Aircraft Co.’s Des Moines, Iowa, 
plant formerly ground by hand the double 
row of welds on these jet engine case 
assemblies. Now Solar has incorporated a 
rotor belt sander in an automatic grinding 


fixture. The Solar-designed fixture sup- 
porting the sander moves laterally as the 
ease assemblies are rotated. An increase 
in production of 400% over the former 
grinding method is claimed and hand 
operations have, been eliminated. 


Hard-Facing Welding Electrodes 


The Wall Colmonoy Corp. has an- 
nounced the availability of Wallex No. 2, a 
low-priced hard-facing electrode giving a 
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deposit material consisting of chrome. 
manganese, silicon and iron alloy. This 
deposit supposedly has very good abrasion 
and shock resistance and has stainless 
qualities approximately equivalent to 
Type 410 stainless steel. 

The deposit of this electrode has a hard- 
ness ranging from 49 to 53 Rockwell C 
It is available as electrodes in '/s, */. and 
1/, in, diameters by 14 in. long. 

Some of the typical uses are in connec- 
tion with shovel teeth, drag-line buckets 
searifier teeth, tractor grousers, ditcher 
teeth, seraper blades, clam shell buckets 
conveyor buckets, mixer blades, guides 
and drag-chain links. 


Pocket Measuring Microscope 


Optometer trade names a new 50-power 
pocket measuring microscope recently 
introduced by the National Instrument 
Co. An engraved scale mounted in the 
body tube reads directly to 0.002 in 
Estimations can be made to 0.0005 in 
Precision, achromatic lenses, fully cor- 
rected for color and spherical aberration 
result in a sharp image up to the very edge 
of the field of vision. This microscope is 
about the size of a fountain pen and is 
easily carried in the pocket. 

According to its manufacturers, the 
Optometer is useful in the metal-working 


industries for measuring crest and root 
widths of threads, pitch and depth of 
threads; for measuring the radii of points 
and corners, width of slots, chamfers and 
grooves. Toolmakers may use it for 
measuring the dimension from a center 
punch mark to ascribed line. The Optom- 
eter is also applicable for measuring the 
diameters of small holes in gages and head- 
ing dies, diameters of impressions in Brinel! 
tests and for other surface measurements. 
Mechanical parts can be inspected for 
wear, welds can be quickly examined with- 
out the necessity for sample analysis. 

To use, the Optometer is placed on the 
surface of the part to be inspected and a 
light directed obliquely toward the tapered 
opening. The focusing knob is moved 
back and forth until the object is in focus. 
The linear dimension is read directly on 
the graduated scale. 
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You can keep steel-mill machinery on the job longer. by 
using Haynes hard-facing alloys to protect wearing parts. 
With hard-faced parts, you will have less down time and 
fewer repairs—more time for steelmaking. Illustrated here 
are some typical savings that have been made. if 


If you would like a copy of our hard-facing manual, 
which gives further information on the use of Haynes hard- 
facing alloys, fill out the coupon below and mail it to us. For 


on-the-job help, get in touch with our nearest district office. 


yearly application of Haynes alloy 


{1 No. | on this mud-gun screw for blast-furnace 


tap holes has eliminated monthly maintenance. 
Haynes Srecutre alloy No. 6 on the points of 
?| soaking-pit tongs has increased their life 
| 19 times. Some hard-faced tongs have lasted as 
much as 50 times longer than unprotected ones. 


— The life of blooming mill shears has been 

3 increased 10 times by applying HasTeELLoy 

— alloy C on the cutting edge. 


Entry guides for a bar-reduction mill used to 
4 wear out after handling 40 tons of steel. Guides 
. 4 hard-faced with Haynes STELLITE alloy No. 6 last 
4 to 5 times longer than unprotected ones. 


Three years ago, some cone rollers in this 
bar-cooling bed were faced with Haynes alloy 
No. 92. They are still in service. 
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Haynes,” “Haynes Stellite,” and “Hastelloy” are trade-marks of Union Carbide and 
Carbon Corporation. 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 


Haynes Stellite Company, 725 S. Lindsay Street, Kokomo, Indiana 
Please send me, without obligation, a copy of the booklet, 
“Haynes Alloys—Hard-Facing Manual.” 
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Election of Officers 


Berwick, Pa.-The Susquehanna Valley 
Section announces the election of the 
following officers for 1952-53. 


Chairman—W. L. Luetzel, 22 E. Pette- 
bone, Forty Fort, Pa. 
Secretary—Andrew J. Furman, Com- 
mercial Gas Corp., Wilkes-Barre, Pa. 
* Treasurer—R. P. Schweyer, P. O. Box 
125, Berwick, Pa. 
Technical Representative—Lewis Russell, 
215 E. Front St., Berwick, Pa. 
Directors—D. B. Howard, 8. E. Bunn, 
G. L. Meiding, C. E. Reedy, H. 8. 
Swepston and N. D. Harding. 


Bridgeport Officers 


Bridgeport, Conn.—The Bridgeport Sec- 
tion announces the election of officers as 
follows for 1952-53. 


Chairman—Jack Creel, Peabody Eng. 
Corp., Glenbrook, Conn. 

First Vice-Chairman—James J. Powers 
The Producto Machine Co., Bridge- 
port. 

Secretary—Louis Campano, 38 Lind- 
berg St.. East Haven. 

Treasurer—R. A. Lally, R. A. Lally Co., 
Bridgeport. 

Chairman, Membership Committee—Aus- 
tin A. Young, 185 Treadwell St., 
Hamden. 

Chairman, Program Committee—W illiam 
A. Seymour, Long Meadow Rd., 
Orange. 

Technical Representative—Joseph R. 
Skibo, Laurel Place, Derby. 


Chicago Officers 


Chicago, Ill.—-The Chicago Section an- 
nounces the election of the following 
officers for 1952-53. 


Chairman—l. H. Carlson, Crane Co. 

First Vice-Chairman—Dr. J. M. Parks, 
Armour Research Foundation. 

Second Vice-Chairman—P. C. Arnold, 
Chicago Bridge & Iron Co. 

Secretary-Treasurer—L. C. Monroe, P. 
O. Box 142, La Porte, Ind. 

Chairman, Membership Committer 
Arnold. 

Chairman, Program Committee—Dr. J. 
M. Parks. 

Technical Representative—-T. B. Jef- 
ferson, The Welding Engineer. 


P.C. 


Cincinnati Officers 


Cincinnati, Ohio..The Cincinnati See- 
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as relayed to C. M. O’ Leary 


tion announces the election of officers for 
1952-53 as follows: 


Chairman—Julius Bergmann, Cleves 
Welding & Machine Service, Cleves, 
Ohio. 

First Vice-Chairman 
3473 Bevis Ave. 

Second Vice-Chairman 
227 Race St. 

Secretary-Treasurer— William Highwood, 
Highwood Service Co. 

Chairman, Membership Committee—Cliff 
Miller. 

Chairman, Program Committee—Harry 
Baker. 

Technical Representative—William Mad- 
dox, 3438 Zumstein Ave. 


Harry Baker, 


Cliff Miller, 


Detroit Officers 


Detroit, Mich.—The Detroit Section 
announces the election of officers for 
1952-53 as follows. 


Chairman—R. H. 
Air Products Co. 

First Vice-Chairman—J. M. Johnston, 
Murray Corp. of America. 

Second Vice-Chairman—Roy L. Clark, 
24535 Notre Dame, Dearborn. 

Secretary-Treasurer—J. R. Stitt, R. C. 
Mahon Co. 

Asst. Secretary—W. H. 
Stout. 

Asst. Secretary—J. 
Testing Lab. 
Chairman, rship Committee JL 
Adams, Westinghouse Electric Corp 
Chairman, Program Committee—J. M. 


Bennewitz, Linde 


Smith, 11691 


E. Rainey, Detroit 


Johnston. 
Technical Re presentative—Leslie E. Wag- 
ner, 7830 Reuter, Dearborn. 


Plans for Coming Season 


Grand Rapids, Mich.—The Executive 
Committee of the Western Michigan Sec- 
tion met on Tuesday, July 22nd, at the 
Grand Rapids Country Club for an after- 
noon of golf, dinner and evening meeting. 
The purpose of the meeting was for the 
new officers and executive committee to 
become acquainted and plan the meetings 
for the coming year. 

Several new features are to be inaugu- 
rated this coming year. A Welcoming 
Committee to consist of the Executive 
Committee to work on a rotation basis is 
to be active at every meeting. Also a 
Membership Committee is to be active and 
promote a contest with special emphasis 
placed on getting new members in the out- 
lying towns. 

The Section is also setting up a card 
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file with the birth date of each member, so 
that his birthday may be remembered with 
a card. The same at a time of illness or 
hospitalization. 

A coffee talk or short entertainment is 
planned at each meeting. Badges, which 
have been made up with each member's 
name, are to be worn at the meetings or 
the member will be fined. Guests will re- 
ceive a pocket card to be worn and turned 
in after the meetings for reference by the 
Membership Committee. 

The Technical Secretary is to prepare a 
display rack for displaying the literature 
available from the Society. 

A publicity chairman has been appointed 
and he in turn has appointed an assistant 
in each surrounding town to insert notices 
in local papers and notify interested par- 
ties of the meetings. 

Everything is being done to make the 
meetings interesting to the members as 
well as increasing the membership. The 
officers and committees feel that the 1952 
53 season will be a banner year for the 
Western Michigan Section. 


Hartford Officers 
Hartford, Conn.—The Hartford Section 


announces the election of the following 
officers for 1952-53. 


Chairman—S. H. Lacey, Auto Battery 
& Electric Co., New London. 

First Vice-Chairman—S. A. Zane, 36 
Fairview St., Manchester. 

Secretary—Allan G. Anderson, 66 Lin- 
nard Rd., West Hartford. 

Treasurer—Robert D. Ames, 463 Burn- 
side Ave., East Hartford. 

Chairman, Membership 
Thomas W. Brady, 
Electric Corp. 

Chairman, Program Committee—Clinton 
E. Swift, Maple Knoll, Woodbury. 

Technical Representative—John W. Mor- 
timer, 82 Plymouth Lane, Manchester 


Committes 


Westinghouse 


Stag Party 


Peoria, Ill.—The Peoria Section had a 
Stag for members on August 29th. This 
was held at the Caterpillar Rod Club 
House and was attended by thirty-one 
members. Food, refreshments and an in- 
formal gathering were enjoyed by all. 


St. Louis Officers 


St. Louis, Mo.—The election of the 
following officers for 1952-53 has been an- 
nounced by the St. Louis Section. 
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If new rearmament contracts require that you teach inex- 
perienced workers how to weld and braze aluminum, your 


local Alcoa Distributor is a good man to know. 


Through him, you are offered Alcoa’s complete technical service 
on joining aluminum—3 how-to-do-it movies, plus copies of 
a 186-page book covering all welding processes. He carries as 


well, a complete line of supplies for welding and brazing. 
You'll find your loca! Alcoa Distributor listed under 
“aluminum” in your classified phone book. Alcoa sales offices 
are also located in all principal cities. Or write: 


ALUMINUM COMPANY OF AMERICA 
1944K Gulf Building ¢ Pittsburgh 19, Pa. 
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Chairman—M. W. 
Corp. 

First Vice-Chairman —J. 
MePherson Ave. 

Secretary-Treasurer—George 
Hill Equipment Eng. Co. 

Chairman, Membership Committee— 
Robert E. O'Neill, Pandjiris Weld- 
ment Co. 

Chairman, 
Fox. 

Technical Representative Russell Royer 
127 E. Jewell, Kirkwood. 


Lischer, Nooter 


J. Fox, 4531 


Bland, 


J. J. 


Program Committee 


San Francisco Oflicers 


San Francisco, Calif... The San Fran- 
vsco Section announces election of officers 
4s follows. 


Chairman—John 8. O'Neill, Jr., Cali- 
fornia Steel Products Co., Richmond. 

First Vice-Chairman—E. Paul DeGarmo, 
University of California, Berkeley. 

Second Vice-Chairman—E,. W. Bartz, 
Westinghouse Electrie Corp., San 
Francisco. 

Secretary—Justin M. Roach, National 
Welding Equipment Co., San Fran- 
cisco, 

Treasurer—R. E. MeCormick, 608 
Santa Susana Ave., Millbrae. 

Chairman, Membership Committee—P. 
A. Daniels, Victor Equipment Co., 
San Francisco, 

Chairman, Program Committee—Fred 
L. Stettner, Victor Equipment Co., 
San Francisco. 

Technical Representative—Chas. B. 
Robinson, Air Reduction Pacifie Co., 
Emeryville. 


Syracuse Officers 


Syracuse, N. Y.—The following officers 
have been elected for 1952-53 to serve the 
Syracuse Section. 


Chairman—S. H. Monson, Jr., 
Engrg. & Equipment Co. 

First Vice-Chairman—J. Solar, 
Westmoreland Ave. 

Secretary—F. R. House, 29 Slacombe 
St., Marcellus, 

Treasurer—A. K. Cottet, Cottet’s Weld- 
ing Supply Co. 

Chairman, Membership Committee—J. 
Solar. 

Chairman, Program Committee—E. M. 
Strand, 315 Kenwood Ave. 

Technical Representative—FE.. M. Strand. 


Welding 
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Future Plans for Toledo 


Toledo, Ohio.—The Toledo Section is 
striving to become the meeting place for 
ill persons interested in welding and its 
many problems and answers in the Toledo 
area. In its endeavor to make Toledo 
industry more “Welding Society” con- 
scious an unusual program has been 
planned for the coming season. Each 
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month will have a topic discussed by a 
prominent speaker in his special field and 
will be of interest to any one who even 
works next to the welders in the plant and 
wishes to learn more about “what makes 
the sparks fly,” to the engineer who 
figures out why, and to the plant super- 
intendent who must figure out how. 

The programs will include meetings 
covering the oil industry, automotive 
industry, glass industry, machinery, struc- 
tural steel, die and tool steel welding and 
maintenance welding. Several plant tours 
are being arranged to acquaint members 
with the industry which makes up Toledo. 


Toledo Officers 
Toledo, Ohio.—The newly elected offi- 
cers of the Toledo Section are as follows. 
Mike W. Eddins, Kaighin 


Chairman 


& Hughes, Inc. 
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Weld area is not over } %” long 


ISPLAY—NATIONAL 
SHOW—BOOTH 1482 


“CADDY weivine ACCESSORY DIVISIO 


First Vice-Chairman—W. Morris, 
Welders Needs, Inc. 

Second Vice-Chairman—Harry W. Han- 
sen, Hansen Welding Co. Inc. 

Secretary-Treasurer-—Harley W. Weide, 
Welders Needs, Inc., 1910 Vermont 
Ave. 

Chairman, Membership Committee 
Harry Hansen. 

Chairman, Program Committee—W. 
Morris. 

Technical Representative—Sam W. Snell, 
Odland Iron Works, Inc., 1202 W 
Bancroft St. 


Anyone in the Toledo area desiring in- 
formation on membership or exactly what 
the AWS has to offer may contact Mr 
Weide. 


York Plans 


The York-Central Pennsyl- 


York, Pa.- 


ARE WELDING 


Fe) A CADWELD Connection 


Has No Equal! It Is... 


Easily mode with inexpensive 


equipment — No special skill required. 


Requires no preparation of cable 
other than stripping of insulation. Time required 
to moke weld less than one minute. 


Hos current carrying capacity 
equal te the cable. Tensile strength equal to soft 
drawn copper. No damage to insulation when 
properly applied. 


Not subject to the gradual loos- 
ening or seer ee of mechanical joints. Not 


ON 


CATALOG 
REQUEST 


ERICO PRODUCTS, INC. + 2070 E. blst PLACE * CLEVELAND 3, 
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Double and Triple weight coils for 
automatic welding with the new 
REID-AVERY (free wheeling) REELS for 
Submerged Arc, Open Arc, and Gas 
Shielded Arc Welding 


Decrease down-time by using larger coils. Machines now equipped tor 
25 lb. coils can use up to 75 lb. coils with these new reels. 


These cast aluminum alloy reels ride on ball-bearing 
trunnions with deep flanges. The wire uncoils with remarkable 
ease and yet there is no chance of overrunning and throw- 
ing loops over the side. No brakes or drags of any kind are 
necessary. The wire itself prevents overrun. These ‘free 
wheeling” reels provide the absolute minimum load on the 
automatic welding machine. 


Raco Reel for 150-200# coils with floor 
mounting stand. 


The Reid-Avery reels are available with stands for floor 
mounting or with special spiders for direct attachment to 
most popular automatic welding machines. Three reels 12" 4 
ID x 4” wide, 14” ID x 6” wide, and 25” ID x 4" wide 


nominal size are in stock for prompt delivery. 


Raco Reel for 25#-50+-75+ coils. Mounted 
on popular submerged arc machine. 


Note the simple split reel construction with suitcase 
type latches. Coils can be replaced in seconds and no 
wrenches or special tools are required. 


We are equipped to supply all sizes of layer wound coi!s 
for these reels, for other reels, or on expendable wooden 
spools where required. 


Raco Reel shown split 
for loading. 


REID-AVERY COMPANY 
INCORPORATED 
DUNDALK + BALTIMORE 22 + MARYLAND 
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vania Section had its first meeting of the 
season on August 18th at the Pine Tree 
Inn with members of the local Board of 


Directors present. The meeting was called 


to discuss the plans for the coming season 
‘which also includes participation in the 
AWS 33rd National Fall Meeting to be 


held in Philadelphia the week of October 
19th. Detailed plans for the coming sea- 
son will be announced shortly. 


BOSTON 


Bonney, Elwyn F. (B) 
Carroll, David B. (B) 
Cormier, Wilfred (B) 
Daly, Charles F.( B) 
Yukon, Edward H. (B) 


CHATTANOOGA 
Miller, Edward C. (B) 
CHICAGO 

Ellis, D. 8. (B) 
CINCINNATI 

Helder, Leland G. (B) 
Vogel, Fred W. (B) 
CLEVELAND 


Adams, Wayne C. (C) 
Castle, Robert J. (B) 
Hagerman, William A. (B) 
Hinkel, J. E. (C) 

Jordan, R. 8. (B) 

Kessler, F. W. (C) 

Rogos, John, Jr. (C) 


DETROIT 


Cordts, Melvin J. (C) 
MeVay, William T. (B) 


Effective August 1, 1952 


Sinclair, Edward B. (B) 
Stacey, James W. (B) 


HARTFORD 
Kuzara, Frank J. (C) 
LOS ANGELES 


Fessler, Robert C. (B) 
Gudish, William (B) 


MAHONING VALLEY 
Hall, Carl W. (B) 
NEW YORK 


Kellar, Katherine K. (B) 
Robinson, Jerome L. (C) 
Schwitter, Charles M. (B) 
Seeland, Elias (B) 


NORTHERN NEW YORK 

MeCoy, John J. (C) 

NORTHWESTERN PENNSYL- 
VANIA 


Cole, James C. (B) 
PHILADELPHIA 


Ashley, R. H. (A) 
Rose, Arnold 8. (C) 


PITTSBURGH 

Mitsch, William H. (C) 
PORTLAND 

Schmid, Leroy J. (B) 
Wood, B. Nealley (B) 
ROCHESTER 
Heymann, James C. (B) 
SAGINAW VALLEY 
Bickel, Herman H. (B) 
Davis, Preston R. (C) 
Kreuchauf, Herbert C. (B) 
MeKenna, Joseph F. (B) 
Nelson, R. L. (B) 
Weaver, Edgar (C) 

SAN FRANCISCO 
Beard, R. (B) 

Thomas, Richard (B) 
WESTERN MICHIGAN 
Nyburg, James K. (B) 
WICHITA 

Martin, L. L. (C) 


YORK-CENTRAL PENNSYL- 
VANIA 


Galloway, J. W. (C) 
Howard, Floyd D. (B) 


NOT IN SECTIONS 
Fujiwara, Tadayoshi, Dr. (B 
Gondro, Frantz (B) 

Maine, Sidroy George (B) 
MembersReclassified 
During the month of August 
BOSTON 

Browne, R. L. (B to F) 
DETROIT 

Duffy, W. Henry (C to B) 

LOS ANGELES 

Uhl, Vincent (C to B) 
MAHONING VALLEY 
Heltzel, Robert F. (C to B) 
NORTHWEST 

Lofstrand, Wilton 8. (C to B) 
TOLEDO 

Eddins, Mike Whitley (C to B 


UNITED STATES 
TESTING COMPANY, INC. 


INSPECTION and TESTING of 
Welding and Weldments 


QUALIFICATION of 
Procedures and Operators 


Black and White 


NET MONTHLY ADVERTISING RATES 


Effective October 2, 1950 


Space One 
Insertion 
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Full page $230 
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150 130 


Half Page 130 


120 | 100 


Quarter Page 80 


65 


Eighth Page 50 


35 


Inside Preferred 255 


205 


10% Extra for bleed full pages. Color $85 extra per color added 


Agency Commission— 15% 
Cash Discount—2%, 10 days 


Main Laboratories Hoboken, N. J. 
Boston - Chicage - New York - Philadelphia - Providence 


List of New Members THe WELDING JouRNAL 


As 
‘ 
a 
: 
? 
| 
| 
| | 75 70 = 
|| | 235 | 220 | 
| 
ct, 
1002 


aan 


RESEARCH 


of the Engineering Foundation 


no 


Sponsored by the American Welding Society, American Institute of Electrical Engineers, 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers, 
American Society of Mechanical Engineers, Society of Naval Architects and Marine Engineers, 


American Society for Metals and American Society for Testing Materials 
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High-Strength Vacuum Brazing of Clad Steels 


4 Development of high-strength brazed joints having 
uniform and continuous bonding over large areas with- 
out the use of fluxes or special furnace atmospheres 


by R. C. Bertossa 


INTRODUCTION 
ONVENTIONAL furnace brazing techniques with 


copper and copper alloys as brazing materials 

invariably specify that fluxes and/or special fur- 

nace atmospheres must be used in order to obtain 
complete wettability of the brazing materials and re- 
sulting strong and sound brazed joints. In some in- 
stances, it has been found that by using relatively 
pure hydrogen atmosphere with the dew point in the 
neighborhood of —40 to —60° C, fluxes can be elimi- 
nated in the furnace brazing of carbon and alloy steels. 

Liquid and paste type fluxes have been found to be 
very difficult to completely remove in the brazing of 
relatively large surface areas, and their presence in the 
bonding zone after brazing causes discontinuity of 
bond, brittle areas and a general lowering of bond 
strength. 

During the past three years, continuous research has 
been conducted in our laboratories and in conjunction 
with Southern Research Institute, Birmingham, Ala., 
on the development of high-strength brazed joints 
having uniform and continuous bonding over large 
areas without the use of fluxes or special types of 
introduced furnace atmospheres. 

RC. Bertossa, Plant Metallurgist, Chicago Bridge & [ron Co., Birmingham, 


Scheduled for presentation at the Thirty-Third National Fall Meeting, 
AWS, ‘'?-~ 'o Pa., week of Oct. 20, 1952. Closing date for discuasion 
Dee. 15, 19 
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A system of vacuum brazing has now been developed 
wherein sound and continuous high-strength bonds 

san readily be obtained throughout areas of virtually 
sadeaised size without the use of introduced furnace 
atmospheres and without contamination from fluxes. 
In the case of brazing of stainless steels, it is not neces- 
sary to nickel or iron plate the stainless surface before 
bonding in order to obtain a strong oxide-free bond. 

Our work has shown that continuous brazed bonds 
can.be produced between low and medium carbon steels 
and all of the three major classifications of stainless 
steels (ferritic, martensitic and austenitic). In ad- 
dition, this same high-strength brazed bond, which 
averages from 40,000 to 60,000 psi shear strength, can 
be attained without difficulty between low and medium 
carbon steels and pure nickel, Monel and Inconel. 
Even Hastelloy has shown promising results with 
vacuum brazing, although this alloy is still in the 
experimental stage in our laboratories with regard 
to vacuum brazing. 


ADVANTAGES OF VACUUM BRAZING 


This development promises to open new fields of 
application in the brazing of large continuous surface 
areas, as brazing can be accomplished without entrap- 
ment of brittle flux particles which can cause non- 
uniformity of bond strength, and further, the use of 
vacuum pressures of between 29 and 30 in. of mercury 
furnishes tremendous pressures exerted uniformly 
over the entire area being brazed, which pressures can 
be maintained throughout the entire brazing cycle, 
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Fig. 1 Opening of a large 10- x 20-ft vacuum brazed Horton- 
clad assembly after completion of bonding 


insuring a continuous and uniformly strong bond 
throughout. 

Heretofore, furnace brazing has been primarily 
utilized for the joining of small or intermediate sized 
assemblies due to difficulties in maintaining uniform 
pressures at the bonding interfaces during the brazing 
cycle and the possibilities of leakage of oxygen into the 
furnace, resulting in oxidation of bonding areas and 
lack of bond. This was especially true in the brazing of 
stainless steels, where extremely rapid oxidation of 
brazing surfaces presents a difficult problem. 

The vacuum brazing process has shown that the only 
limits of size in the brazing of plates are the confines 
of the brazing furnace cavity itself, no fluxes or atmos- 
phere control being involved, and in the case of stain- 
less steels, no special preparatory plating being neces- 
sary on the bonding surfaces. 


APPLICATION OF VACUUM BRAZING TO THE 
ALLOY CLADDING OF CARBON STEELS 


£xtensive research work in the high-strength vacuum 
brazing of small and large size alloy ‘“Hortonclad’’* 
plates has revealed that this method of manufacture 
of composite plate material has some distinct -ad- 


* Patents applied for. 


Fig.2 Etched cross sections of vacuum brazed Hortonclad 
alloy-to-carbon steel composite plates 
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vantages over the conventional methods of manu- 
facture of clad plate materials: 

1. The process is relatively simple and requires 
no expensive heavy rolling equipment, soaking pits or 
other typical steel mill equipment. 

2. Clad plates can be made to practically any size 
or shape (in the flat), necessitating very little wastage 
of steel and critical alloy materials through trimming 
to size after bonding. This alone is an important 
consideration in times of short alloy supply such as the 
present. 

3. The resulting finish on the brazed clad surface 
is always bright, clean and free from contamination; 
and the fineness of surface finish depends entirely on 
the finish of the alloy sheet itself before brazing. In 
other words, a “satin” finish stainless sheet vacuum 
brazed to carbon steel by the Hortonclad process will 
produce a “satin” finish alloy Hortonclad plate after 
the vacuum brazing process and will exhibit the same 
cleanliness of surface as was present on the sheet be- 
fore brazing. 

4. The most important advantage in the manu- 
facture of alloy clad plate by the vacuum brazing proc- 
ess is the ability to guarantee a constant thickness of 
corrosion-resistant alloy layer over the entire surface 
of the clad plate, as the composite material is not 
reduced or deformed in any manner during its high- 
strength bonding cycle. It is well known that the 
life of an alloy clad composite plate material under 
corrosive conditions is only as good as the thinnest 
portion of the corrosion-resistant clad layer. 


PHYSICAL CHARACTERISTICS OF THE HIGH- 
STRENGTH VACUUM BRAZED BOND 


Considerable data have been published regarding the 
undesirable characteristics and tendencies 
brittleness and loss of physical properties in the com- 
posite clad plate due to penetration of the copper into 
the grain boundaries of the metals being joined during 
conventional brazing processes. 

One of the primary purposes of this article is to 
demonstrate through research data, photographs and 
photomicrographs, that through the use of carefully 
controlled vacuum brazing cycles and _ techniques, 
physical properties can be obtained in the bond layer 
and in the metals joined, which are well above the 
requirements specified by the American Society for 
Testing Materials and the American Society of Me- 
chanical Engineers for integrally and continuously 
clad plate, and compare favorably with the physical 
properties exhibited by conventional types of rolled 
clad plate materials. 

It has been determined that through strict control of 
heating, holding and cooling cycles, also subsequent 
heat treatments, if used, the proper amount of alloying 
can be obtained at the brazing interface to attain ex- 
ceptionally high bond strengths without appreciable 
loss of ductility. 
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Tensile Strength of Vacuum Brazed Composite 
Clad Plates 


The ASTM Standards for integrally and continuously 
clad plate specify that the entire composite clad must 
meet the minimum requirements as set for the carbon 
steel backing material used. The usual backing plate 
used is either A-285, Grade “C” or A-201 (fully killed 
steel), with tensile strength requirements of 55,000 psi 
minimum; however, the higher strength A-212 steel 
with tensile requirements of 65,000 to 70,000 psi mini- 
mum can also be successfully used. 

Composite clad plates produced by the vacuum braz- 
ing process have given no difficulty in attaining well 
above the required minimums in tensile strength, and as 
an example of the adherence of bond, the alloy layers 
“neck down” with the carbon steel at the area of 
fracture and do not split away at the bending interface 
on either side of the fracture (see Fig. 3). 


Fig.3 Tensile fracture in vacnum brazed nickel alloy clad 
plate 


Ductility of Vacuum Brazed Alloy Clad Plates 


In testing the ductility of composite plate material, 
free bend tests are specified by ASTM, specimens being 
bent both with clad in tension and with the clad layer 
in compression. These specimens are required to be 
bent 180 deg to a radius which varies, depending upon 
the total thickness of the composite plate. 

In the free bend testing of vacuum brazed clad plate, 
with copper and copper alloy bond, it was our endeavor 
to develop a product which would exceed the require- 
ments specified by ASTM in all instances, therefore 
we did not accept as passing a specimen which failed 
to withstand bending 180 deg flat down upon itself 
without separation at the bonding interface or failure 
of the materials which originated at the bonding inter- 
face. 

Figure 4 illustrates the ability of Type 405 stainless 
copper alloy brazed to carbon steel by the vacuum braz- 
ing process to withstand flat bending down upon itself. 
The double clad specimen in this photograph illustrates 
the ability of the bond to withstand these extremely 
severe strains both with cladding in tension and with 
cladding in compression. Those familiar with stress 
relationships in the severe bending of composite clad 
materials can readily appreciate the degree of stresses 
set up in the bonding interfaces by these 180 deg flat 
bends, especially when bent with the clad layer in com- 
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Fig. 4 Etched cross section of two 180-deg flat bends, one 
of Type 405 stainless clad on both sides of a carbon steel 
plate, and another with nickel alloy clad on one side only 


pression. The double clad specimen illustrated in 
Fig. 4 was bent to an elongation on the top clad sur- 
face of 79%. 

The single clad specimen at the right of Fig. 4 con- 
sists of a nickel alloy (Monel) sheet vacuum brazed to a 
low-carbon steel base plate. It can be seen that no 
separations, cracking or other defects have occurred 
in the bond area in spite of this extremely severe bend. 

In examination of Fig. 4, it will be noted that a crack 
extends upward from the surface of the Type 405 stain- 
less clad layer bent in compression. This crack did 
not originate at the bond area and therefore was not 
a result of copper penetration. In fact, it has not yet 
reached the bond area. It was found in testing that in 
all specimens given this sharp, flat bend, including speci- 
mens of conventional rolled type claddings, a similarly 
located crack, originating at the lower surface.of the 
bend, occurred as the pressure was released on the test- 
ing machine. This was the result of the very severe 
disturbance of the metal compressed in this area 
during bending, which allowed it little further ductility 
when pressure was released (see Fig. 5). 

In the slow cooled condition, the martensitic type 
stainlesses (Type 410 tested) showed results similar 
to those shown in Fig. 4. Austenitic stainless and pure 
nickel and high nickel alloy vacuum brazed claddings 
appeared to have slightly increased ductility of the 
alloy clad layers and behaved equally well on flat bend 
tests. 

As a matter of comparison, Fig. 5 illustrates bend 
tests similar to those in Fig. 4 made on conventional 
rolled types of clad plate with 405 stainless alloy layers. 


Fig. 5 Conventional rolled type clad materials bent 180 
deg flat upon themselves with alloy layer in both tension 
and compression 
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Tests have shown the vacuum brazed high strength 
bond to be equal to and in some instances higher in 
shear strength than the conventional alloy clad ma- 
terials. 


Hot and Cold Forming of Vacuum Brazed Com- 
posite Plate Materials in Fabrication 


Figures 6, 7 and 8 show various angles of a dished 
and flanged pressure vessel head fabricated from a 
vacuum brazed composite metal plate consisting of 
a '/sin. alloy layer (Type 405 stainless) on a *’s-in. 
A-285, Grade “C” carbon steel base plate. 


Fig. 6 Front view of dished and flanged stainless Horton- 
clad pressure vessel head 
Fig.7 Profile view of dished and flanged stainless pressure 
vessel head 


This pressure vessel head was experimentally dished 
and flanged, the dishing done. cold and one-half of the 
perimeter of the blank being flanged hot (temperature 
varying between 1330 and 870° F), the other half 
being flanged cold. 

This particular head was fashioned from an 89"/s-in. 
disk of Hortonclad composite plate into a flanged and 
dished head of 6 ft 8 in. diameter. 

The copper alloy bond remained tightly adherent 
during all of these very severe reverse bending and 
stretching operations. This can be seen in the close-up 
view (Fig. 8) of the edge of the clad head after dishing 
and flanging had been completed. This dishing and hot 
and cold flanging operation is one of the most severe 
tests which can be given a composite clad due to the 
fact that it brings into play stresses from all directions 
and especially repeated reverse bending stresses. 


Shear Strength of Vacuum Brazed Composite 
Plates 


Shear strength tests on the bond areas of high 
strength vacuum brazed plates have been concentrated 
upon during this research to a greater degree than any 
other test, in order to develop the greatest possible 
strength commensurate with best ductility of bond. 
Data are now available on average shear strengths of 
well over 250 individual Hortonelad plates of various 
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Fig. 8 Close-up of edge of dished and flanged pressure 
vessel head 


sizes and with various types of stainless and nickel and 
high nickel alloy clad layers. 

The results of these many tests show shear strengths 
for all types of clad plates ranging in total thickness 
from */i, to 15/, in. of from 35,000 to 60,000 psi, the 
average being approximately 45,000 psi. It has been 
our aim to develop an average shear strength in the 
neighborhood of 40,000 psi for all types of vacuum 
brazed composite plate, as this strength has proved 
sufficient for all ordinary operations encountered in 
pressure vessel fabrication. Adjustments of the bond- 
ing cycles can allow higher shear strengths in most cases, 
however higher shear strengths are unnecessary and 
if allowed to go too high, can cause a tendency toward 
embrittlement of the bond layer. 

In addition to the above, shear tests have been 
studied which were made on the bond layer directly 
below area where traybars, lugs, etc., had been welded 
to the clad layer. These tests showed no loss in shear 
strength in any instance due to the effect of the high 
welding temperatures on the bond layer. 

Some of the vessels for which vacuum-brazed clad 
plate was manufactured are now in service and have 
been for some time. All of them have proved satis- 
factory from the standpoint of adherence of bond, 
physical durability and corrosion resistance of the 
alloy clad layer to date. Data from these clad ma- 
terials are included in the shear strength figures quoted 
above. 


Impact Resistance of Vacuum Brazed Composite 

Plate 

In ordinary furnace brazing with copper and copper 
alloys, the brazing temperatures sometimes cause 
loss in impact values through raising of the transition 
temperature of the base steel to within the service 
temperature range in which the material is expected to 
operate. 

Figure 9 shows a typical graphical representation of 
the transition temperature range determination on A- 
285, Grade “‘C”’ base steel after the material has under- 
gone the vacuum brazing and heat treatment under 
the controlled heating cycles developed for this process. 

This graph, which was drawn from data obtained 
from 60 Charpy keyhole notch type impact tests at 
temperatures ranging from 75 to —60° F., shows the 
transition temperature to be Well below the ordinary 
service temperature range and in line with transition 
temperatures found for A-285, Grade “C” carbon steel 
in the normalized condition. 
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Fig.9 Graphical determination of transition temperature 
range for vacuum brazed carbon steel plate 


Repeated Heating and Quenching Tests 


* This type of test was conducted on various types of 
vacuum brazed stainless and nickel alloy composite 
clad plates to determine the effect of rapid temperature 
changes on the bond strength as a result of the known 
differences in temverature coefficients of expansion 
between carbon steels and these alloys. 

These tests involved heating the composite plate 
material to 1650° F, holding at this temperature for 
30 min, and then plunging the plate into cold (56° F) 
circulating water. This procedure was repeated five 
consecutive times for each individual type of vacuum 
brazed composite clad plate tested. 

Each of the materials tested showed negligible loss in 
shear strength afier being subjected to these tests. 


Other Physical Tests on Vacuum Brazed Com- 
posite Plate 


In addition to the tests described above, the high 
strength bond has also successfully withstood torsion 
tests, elevated temperature shear tests at 1000° F, 
pressure tests on the alloy layer, welding tests, tensile 
strength tests on the copper alloy bonding layer, ex- 
tensive corrosion tests under controlled laboratory 
conditions to compare the corrosion resistance of the 
alloy layer after various brazing treatments with the 
same alloy which was not subjected to these treatments, 
and other minor tests considered necessary during 
development and improvement of techniques and 
characteristics of the vacuum brazed bond. 

The above material has already successfully passed 
rigid and complete tests conducted by two independent 
and disinterested laboratories and tests are now in the 
process of completion in another laboratory. The 
results of these independent tests have confirmed data 
gathered in our laboratory from testing over a three- 
year period of time. 


METALLURGICAL ASPECTS OF HIGH 
STRENGTH VACUUM BRAZING 


High strength vacuum brazing can be successfully 
accomplished with a variety of alloys (in addition to 
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pure copper) consisting of brasses, bronzes, and many 
proprietary alloys. In addition, a process has been 
developed in our laboratories which allows silver 
alloy brazing (50% Ag or thereabouts) under the same 
conditions as copper alloy brazing, namely without 
the use of fluxes or introduced atmospheres of any 
type. This process produces an excellent and continu- 
ous bond with satisfactory ductility and high shear 
strength in the nickel and high nickel alloy claddings 
(in excess of 50,000 psi). This is considered a step 
forward in silver brazing techniques, which now re- 
quire a highly corrosive fluoride flux in order to obtain 
a satisfactory bond. 

In copper and copper alloy brazing by the vacuum 
process, the vacuum plays a double role. It provides 
an even, crushing pressure over large areas on the sur- 
faces being joined, necessitating only a very thin layer 
of brazing alloy. This thin layer of brazing alloy, 
when furnace cycles are properly controlled, allows a 
higher percentage of alloying of the steel with the copper 
or copper alloy layer, which in turn results in shear 
strengths of bond in excess of the strengths of ordinary 
brazed joints, which are in the range of 20,000 to 30,000 
psi. Sufficient alloying with a very thin copper or 
copper alloy layer can take place rapidly, thus allowing 
shear strengths upwards of 40,000 psi in vacuum brazed 
composite plates without holding the material for 
excessive periods of time at brazing temperatures, 
which would result in imparting undesirable character- 
istics in the composite plate, such as excessive pene- 
tration of brazing alloy into the neighboring metals, 
excessive grain growth, and carbon migration from the 
base metal to the alloy layer (in the cases of brazing 
stainlesses to carbon steel). 

In addition, the vacuum rapidly and efficiently re- 
moves any evolved gases, such as CO, at the bonding 
interface which might otherwise tend to oxidize the 
cleaned bonding surfaces during heating and bonding, 
and would inevitably result in weak and discontinuous 
bonding. 


Vacuum Brazing of Nickel and High Nickel Alloys 
to Carbon Steel 


In the vacuum brazing of nickel and high nickel 
alloys to carbon steels, special techniques are neces- 
sary due to the high solubility of copper brazing alloys 
in nickel and high nickel alloys. 

Experimentation has shown the various high nickel 
alloys to have somewhat different rates of diffusion 
with copper, and close control must be maintained in 
the brazing of each alloy type in order to regulate 
diffusion to the point where optimum soundness and 
continuity of bond are obtained with the desired shear 
strengths of bond. 

The vacuum process appears to have the facility 
of engendering increased wettability of the brazed 
materials for the stainless, nickel alloy and carbon 
steel surfaces being joined, and in some cases where 
oxides have been allowed to remain on the bonding 
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surfaces, proved in the case of carbon steels, the vacuum 
has the ability to cause these oxides to break down and 
be removed as gases to some extent at elevated tem- 
peratures. 

In vacuum brazing for high strength over continuous 
and large surface areas, preplacement of brazing alloy 
has been found to be most satisfactory to guarantee 
uniform bond strength throughout, rather than to 
depend on distribution of brazing alloy through capillary 
forces. This applies not only to the brazing of nickel 
and high nickel alloys to carbon steel, but also to the 
brazing of other materials, such as stainless steels of 
all types. 


Fig. 10 Vacuum brazed high nickel alloy bond to carbon 
steel—46,500 psi shear 


Figure 10 illustrates a typical high nickel alloy 
vacuum brazed with copper alloy bond to carbon steel. 
The alloy layer here is Monel. It will be noted that 
very little decarburization has occurred in the carbon 
steel at the bonding interface and copper alloy pene- 
tration into the grain boundaries of the carbon steel 
is not deep. Due to the mutual solubility characteris- 
ties of Monel and copper, diffusion of the copper into 
the Monel layer has proceeded to a noticeable extent. 


Vacuum Brazing of Stainless Steels to Carbon 
Steel 


As is well known, stainless steels show a particular 
avidity for carbon. This appears to be especially 
pronounced in the austenitic (chromium-nickel) types. 
In addition, they form a thin relatively impervious 
oxide film rapidly after cleaning in preparation for 
brazing, and their ductilities and corrosion resistances 
can be affected by heat treatments such as encountered 
during brazing. 

For these reasons, and their tendencies to allow inter- 
granular penetration by copper at brazing tempera- 
tures, the individual metallurgical characteristics of 
each particular type of stainless must be taken into 
consideration and the brazing process must be tailored 
to fit these individual requirements in order to produce 
the desired high shear strength bond with sufficient 
ductility, corrosion resistance and tensile strength. 

For instance, in brazing of ferritic and martensitic 
types of straight chromium stainlesses, such as Types 
405 and 410, respectively, cooling rates are of prime 
importance as far as physical and corrosion properties 
of the resultant composite materials are concerned. 
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In case of Type 405, best corrosion resistance is obtained 
through very slow cooling from bonding temperatures. 
Controlled laboratory accelerated corrosion tests have 
shown a pronounced decrease in corrosion resistance 
of the alloy layer of aircooled composite material as 
compared with that of slow furnace cooled material. 

Type 410, of course, being a martensitic type, must be 
slowly furnace cooled not only from the standpoint of 
corrosion resistance, but because air cooling or other- 
wise rapid cooling results in the formation of various 
degrees of a martensitic phase, which causes a marked 
embrittling effect and lowering of ductility. 

As is well known, the austenitic stainless types ex- 
hibit their best properties on quenching, and therefore 
this must also be taken into account in brazing these 
alloys. 

Inasmuch as the carbon steel layer is also a part of 
the composite brazed assembly, it too must receive 
consideration; however, if it is of the low carbon 
variety, its response to cooling rates is not particularly 
critical. 

In copper alloy brazed plate, the copper or copper 
alloy brazing material being preplaced and continuous, 
forms an effective barrier to carbon migration from the 
carbon steel to the stainless layer (see Fig. 11). 


Fig. 11 Vacuum brazed stainless (316ELC) alloy bond t 
carbon steel—shear strength 45,000 psi 


This, however, as experienced with a nickel plated 
layer in rolled type claddings, does not always give 
the effect of completely removing the effects of carbon 
migration, but combined with careful control of time- 
temperature cycles during bonding, carbon migration 
is minimized and confined to a very thin layer just above 
the bonding interface. 

The effect of copper acting as a barrier for the passage 
of carbon is not a new revelation, as for many years it 
has been a common practice to copper-plate certain 
areas of assemblies to be carburized to prevent car- 
burization in the areas copper plated. 

As a result of removal of carbon from the mild steel 
at the bonding interface, a narrow decarburized zone 
in the carbon steel just below the interface is sometimes 
found to varying degrees of thickness similar to that 
found in rolled types of claddings. In studying the 
effects of carbon migration across the bonding inter- 
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face, however, we have found evidence of a tendency 
for carbides which break down at the interface to be 
removed to some extent with evolved gases by the 
vacuum, thus aiding in the minimizing of carbon migra- 
tion into the stainless layer. The vacuum also has 
the advantage of removing oxidizing gases which form 
to a small extent in the interface rapidly enough to 
prevent reoxidation of the stainless bonding surface 
during the heating-up period. 

Tests have shown that the slight decarburization 
which sometimes occurs in the carbon steel at the inter- 
face is not of sufficient proportions to cause any notice- 
able decrease in over-all physical properties of the 
composite plate. 

As mentioned previously, copper has a tendency to 
penetrate steels at high temperatures, and if allowed 
sufficient time and if sufficient copper were present, 
could cause damage to the ductility of the adjacent 
steels. 

Extensive experimental research work has been 
varried on in connection with this characteristic, and 
through control of the thickness and placement of the 
copper and copper alloy brazing layers, plus very close 
control over brazing cycles, and also important, the 
tendency of the vacuum to draw off excess brazing 
alloy, this penetration has been controlled to a degree 
where its effect is negligible on the physical properties 
of the brazed composite plate. This is illustrated in 
the foregoing photographs of severe bends with the 
alloy layers in tension and in compression, showing 
the high ductility and strength of vacuum brazed 
composite plates consisting of dissimilar metals. 

Figure 11 illustrates a cross section of a vacuum 
brazed austenitic stainless composite clad plate bond 
area. This microstructure shows some alloying of the 
brazing layer with the adjoining metals. It also shows 
only very slight decarburization (negligible) of the 
carbon steel at the interface, and as a result carbon 
migration into the stainless layer is held to a very 
minor amount. Copper penetration into the stainless 
and carbon steels is also minimized by techniques 
used in the vacuum brazing process. 


SUMMARY 


1. Vacuum brazing of stainless, nickel and high 
nickel alloys to carbon steel shows promise of opening 
new fields in high strength continuous brazing over 
large areas of dissimilar metals. The ability of vacuum 
brazing to allow improved and complete bonding 


without the use of either solid or liquid fluxes or special 
introduced gaseous atmospheres is expected to allow 
a greater degree of versatility in the use of brazed 
joints over large surfaces areas through elimination of 
the possibilities of nonuniformity of strength due to the 
presence of brittle entrapped residual flux pockets 
and discontinuous bonding. 

2. The combination of uniformity of bond, accom- 
panied by high over-all shear strengths and ductility 
of vacuum brazed similar and dissimilar composite 
metal assemblies (Hortonclad Plate) has enabled con- 
tinuously vacuum brazed composite metallic materials 
to meet the ASTM-ASME requirements for integrally 
and continuously clad plate for use in pressure vessel 
fabrication, 

3. This new cladding adaptation of vacuum braz- 
ing has the main advantage of assuring a uniform 
thickness of alloy corrosion resistant material over the 
entire clad plate, the thickness tolerances being 
governed only by those of the as-rolled alloy sheet used 
in its manufacture. 

This process also has advantages such as low scrap 
loss, elimination of expensive manufacturing equip- 
ment, and the ability to produce any type of commercial 
finish on the resulting alloy surface of the vacuum 
brazed plate. 

4. Through the use of photographs, photomicro- 
graphs and research data, it has been shown that 
through proper process control, the extent and effect 
of copper penetration into the metals being joined by 
vacuum copper and copper alloy brazing can be re- 
duced to a negligible factor. 

In addition, the copper and copper alloy bond 
layers serve the very important purpose of keeping 
carbon migration across the bonding interface in stain- 
less types of Hortonclad plates down to the very mini- 
mum. 

5. This process has been found useful for joining 
carbon steel to many other metals such a austenitic, 
martensitic and ferritic stainlesses, nickel and high 
nickel alloys, and even to carbon steels themselves. 
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Weld Cracking of Aluminum Alloys 


§ A simple test has been developed for quantitatively evaluating the 
crack sensitivity of welds made in aluminum alloys and results are 
given for several heat treatable and non-heat treatable aluminum alloys 


by J. D. Dowd 


Abstract 


A simple test capable of quantitatively evaluating the crack 
sensitivity of welds made in aluminum alloys has been developed. 
In this test the amount of longitudinal cracking in the fillets of 
an inverted T-joint specimen is used as a measure of the crack 
sensitivity. The effects of specimen dimensions, preheat 
temperature, post heating, welding current, and welding tech- 
nique on the cracking obtained in the test specimen have been 
evaluated and standard procedures for making the test have 
been established. Using these procedures, the crack sensitivities 
of the non-heat treatable alumi magnesium alloys, 48-0, 
528-0, XA548-0 and X56S-0; the heat treatable aluminum- 
magnesium silicide alloys, 538S-T6, 618-T6 and 62S-T6; and the 
high strength heat treatable alloys, Alclad 148-T6, Alclad 248- 
T4, and Alclad 75S-T6, welded with various filler alloys were 
evaluated. It was found that for any of the plate compositions, 
welds made with 438 or No. 716 Brazing Wire gave the least 
amount of cracking but generally had lower ductility than 
welds made with al I 2 alloy filler wires. The 
amount of cracking obtained in welds made with aluminum- 
magnesium alloy filler wires was found to decrease as the mag- 
nesium content of the filler wire increased. 


INTRODUCTION 


HE development of the inert-gas-shielded are- 

welding processes has greatly expanded the use of 

aluminum alloys for welded assemblies during the 

past few years. These processes have not only 
promoted greater use of those aluminum alloys which 
have been employed in welded assemblies for a number 
of years but have also made commercially feasible the 
large-scale welding of other aluminum alloys, for ex- 
ample the aluminum-magnesium alloys. 

One of the metallurgical limitations restricting the use 
of some aluminum alloys for welded assemblies is their 
susceptibility to cracking during welding. Thus, al- 
though welds made in 48 plate with 4S filler wire (for 
nominal compositions, see Table 1) are strong and duc- 
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tile, this combination is rarely used because of the sus- 
ceptibility of the welds to cracking. In the past the 
solution to this problem has been to use the aluminum 
alloy with 5% silicon, Aleoa 438, for the filler wire. Al- 
though this eliminated cracking, the welds obtained 
were always quite low in ductility and frequently quite 
low in strength. Inasmuch as the use of 43S was not a 
satisfactory solution, it was desirable to investigate the 
susceptibility of aluminum alloys to cracking during 
welding with the ultimate objective of developing alloys 
that could be used for welded assemblies without en- 
countering cracking difficulties. The first phases of 
this investigation were to develop a satisfactory test for 
evaluating weld-cracking and to determine the crack- 
sensitivity of welds made using standard aluminum 
alloys for plate and filler wire. 


Table 1—Nominal C ition of Alloys 


Percent of alloying elements—Aluminum or normal 
constitute remainder 
Man- Mag- ( "hrom- 
Alloy Copper Silicon ganese nesium Zine ium 
9% minimum Aluminum 
1.2 


0.8 
0.6 


wes 


o 


Wire 4.0 
Al-10% Mg 10.0 


*The Alclad form of these alloys consist of a “core’’ of the 
basis alloy coated with pure aluminum or a suitable alloy. 


It should be pointed out that although the data and 
conclusions presented in this paper are concerned pri- 
marily with weld cracking, other factors must also be 
considered in selecting the filler alloy to be used for a 
specific application. Among these factors, some of 
which are discussed briefly in this paper, are (1) ease of 
fabrication of the filler alloy, (2) soundness and strength 
of the welds obtained, (3) resistance to general corrosion 
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and stress corrosion of the welded assembly and its 
component parts, and (4) previous experience with the 
use of the filler alloys. 


DEVELOPMENT OF A CRACKING TEST 


Early in the investigation, it was recognized that any 
weld-cracking test should meet certain requirements, 
among which were: (1) the test should be quite severe 
so that crack-sensitivity ratings could be obtained for 
all base alloy-filler alloy combinations; (2) the test 
specimen should be simple in design and should employ 
flat sheet or plate; (3) the test should give easily 
measured quantitative results; and (4) the argon- 
shielded tungsten-are process should be employed in 
welding the test specimens. In an attempt to find a 
satisfactory test, a number of different types were tried. 
These included: (1) restrained-weld tests such as used 
by Pumphrey and his co-workers in England! and Hol- 
lard in France,? in which the cracking in butt welds 
joining pieces of sheet or plate securely anchored in a 
rigid frame was used as a measure of crack sensitivity; 
(2) patch tests in which crack sensitivity was measured 
by the amount of cracking obtained when a circular 
patch cut out of a plate was welded back into the plate; 
(3) an applied-strain test in which an externally applied 
strain just sufficient to maintain cracking in a butt weld 
was used to evaluate crack sensitivity; (4) a crater- 
cracking test in which the cracking in a weld crater was 
used as a measure of crack sensitivity; and (5) a T- 
joint test in which the longitudinal cracking of fillet 
welds in an inverted T-joint was the measure of crack 
sensitivity. Preliminary tests indicated that only the 
T-joint test, which is a modification of a British test 
used to evaluate the crack-sensitivity of welds made in 
steel, was satisfactory. The other tests were either too 
complicated, gave inconsistent results, or else produced 
little or no cracking. 


Tentative Procedure of Cracking Test 


In setting up the T-joint cracking test, it was rec- 
ognized that variables such as specimen dimensions 
and welding conditions would have an effect on the 
cracking obtained. After making a few preliminary 
tests, a tentative standard test was established and used 
to evaluate these variables. 

In this tentative test, which will hereafter be referred 
to as the “standard test,’’ the crack sensitivity was 
evaluated by using as a measure the amount of longi- 
tudinal cracking in the fillets of an inverted T-joint 
specimen having a '/, x 4 x 10-in. vertical member and a 
1 x 4.x 10-in. base member. A photograph of such a 
specimen is shown in Fig. 1. The specimens were 
welded manually by the argon-shielded tungsten-arc 
process using a welding current of 350 amp and an argon 
flow of fifty cubic feet per hour. A General Electric 
800 amp a-c welder equipped with a Linde HW-5 torch 
fitted with a '/,-in. tungsten electrode was used. 
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Fig. 1 T-joint cracking specimen 


The welding procedure consisted of tacking one side 
of the vertical member to the base, then welding the 
other side, after which the tacked side was welded 
The welding was done manually by an operator ex- 
perienced in the welding of aluminum using a normal 
welding technique. Before each side was welded, the 
specimen was preheated or cooled, as required, to 300 
F. Prior to welding, both the vertical and the base 
members were cleaned with a power-driven rotary wire 
brush; and the filler wire was etched with a 5% sodium- 
hydroxide solution for about 5 mins, rinsed in water, 
dipped in a 50% nitrie acid solution, and rinsed in hot 
water. 

In order to make the cracks that developed during 
welding more easily discernible, the welded specimens 
were given a sodium hydroxide-nitric acid etch similar 
to that used in cleaning the filler wire. After etching, 
the longitudinal length of the cracking in the fillets was 
measured and used as an indication of the crack sen- 
sitivity. 


Effect of Test Conditions on Cracking 


The test conditions, which were felt to have an effect 
on the cracking and which were consequently investi- 
gated, were specimen dimensions, preheating tempera- 
ture, postheating, welding current and welding tech- 
nique. In evaluating these variables, the standard test 
described in the previous section was used, except for 
the variable being investigated. 


Specimen Dimensions 


In order to determine the effect of specimen dimen- 
sions on cracking, the specimen length, the height of the 
vertical plate, the width of the base plate, the thickness 
of the vertical plate and the thickness of the base plate 
were varied, using specimens of 528-0 plate welded with 
52S and 48 filler wires. 
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STANDARO TEST 


4S FULLER WIRE 


FILLER WIRE 


INCHES OF CRACKING 


LENGTH OF SPECIMEN IN INCHES 
Fig. 2 Effect of specimen > on cracking of welds in 
528 


As may be seen in Fig. 2, the results of tests to de- 
termine the effect of specimen length on cracking 
showed that for specimens welded with both 48 and 528 
filler wires the cracking was proportional to the length 
of the specimen. Inasmuch as these results indicated 
that any convenient specimen length could be used, the 
tentative length of ten inches was adopted as standard, 
since specimens of this length could be easily obtained 
from the available plate. It should be noted that with 
a specimen length of ten inches the maximum amount of 
cracking that could be obtained would be twenty inches, 
which would constitute complete cracking of both 
fillets. 

The height of the vertical plate was found to have 
very little effect on cracking as is shown in Fig. 3. 
Such being the case, the use of four-inch vertical mem- 
bers was continued. This permitted reusing vertical 
members by sawing them from previously welded 
specimens. 

Increasing the width of the base plate up to four 
inches increased markedly the cracking as is shown in 
Fig. 4. Increasing the width beyond four inches, how- 
ever, had little effect; consequently, the tentative 
width of four inches was adopted as standard. 

The thickness of both the base plate and the vertical 
plate was found to have a very great effect on cracking, 
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HEIGHT OF VERTICAL PLATE IN INCHES 
Fig. 3 Effect of height of vertical plate on cracking of 
welds in 52S-O 
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WIDTH OF BASE PLATE IN INCHES 
Fig. 4 Effect of width of base plate on cracking of welds 
in 528-O 


STANDARD TEST 
52S FILLER WIRE VERTICAL , 4"«10" 


BASE, 4x10" 


WVERTICAL, #110" 
BASE, X"x'4"x10" 


INCHES OF CRACKING 


VA 


THICKNESS OF PLATE IN INCHES 
Fig. 5 Effect of thickness of plate on cracking of welds 
in 528-0 


VERTICAL, 
BASE 4110" 


with the cracking increasing as the thickness of each 
plate increased. This is shown in Fig. 5. The effect 
of the thickness of the base plate was especially im- 
portant, it being necessary to use one-inch plate (with 
a '/.-in. vertical member) to obtain cracking in 528-0 
welded with 52S filler wire. When one-inch plate was 
used for the base, appreciable cracking was obtained 
with vertical members one-half inch thick or thicker 
The use of one-half inch plate for the vertical members 
was continued, since appreciable cracking was obtained 
and since all the standard alloys were available in this 
thickness. 

From the results obtained in these tests, it was con- 
cluded that a specimen having a 1 x 4 x 10-in. base 
member and a '/:- x 4- x 10-in. vertical member was 
quite satisfactory, since it gave appreciable cracking 
and permitted utilization of available materials. 


Preheating Temperature 


Another variable having an effect on the cracking was 
the preheating temperature. The results of tests made 
on 528-0 plate using 48, 52S and XA54S filler wires are 
given in Fig. 6. They showed that the cracking de- 
creased as the preheating temperature increased re- 
gardless of the filler alloy used and also that the tem- 
perature required to reduce the cracking to a minimum 
decreased as the magnesium content of the filler alloy 
increased; 900° F being required for 48, 700° F for 
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Fig. 6 Effect of preheating temperature on cracking of 
welds in 528S-O 


528 and 500° F for XA548.__ A preheating temperature 
of 300° F was chosen as standard, since the tempera- 
ture of the specimen after tacking the vertical member 
to the base member equalized at about 300° F. 


Postheating 


Tests made on 48-O plate with 4S filler wire showed 
that post-heating, i.e., heating the specimen directly 
behind the welding torch with an auxiliary flame, re- 
duced the cracking from 17 in. to about 6 in. Since 
postheating reduced the cracking and complicated the 
test, it was not used in the standard test. 


Welding Current 


28-O plate welded with 


The cracking obtained on 5 


“in Fig. 7. 
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Fig. 7 Effect of welding current on cracking of welds in 


528 filler wire was fownd to increase slightly with in- 
creasing welding current until a maximum was reached 

t about 350 amp, after which the cracking decreased 
rather sharply with increasing current. This is shown 
Since maximum cracking was obtained at 
about 350 amp, this current was chosen for use in the 
standard cracking test. It should be noted that it was 
not feasible to use less than about 275 amp or more than 
about 500 amp for welding the standard specimen with 
the available equipment. 


Welding Technique 


While conducting some of the early tests, it was found 
that welding technique had a very great effect on crack- 
ing, with the cracking decreasing as the operator became 
more proficient and deposited a smoother weld bead. 


Standard welding procedure 


Discontinuous welding procedure 
Fig. 8 Appearance of welds made using standard and discontinuous welding procedures (52S-O plate—52S filler wire) 
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Table 2—Cracking of Welds in Alumi Magnesi Alloys 


Plate alloy Type test 28 48 

48-0 Standard 14.0 16.5 
528-0 Standard 16.5 17.0 
XA548-0 Standard 17.5 16.5 
X568-0 Standard 5.0 5.0 
48-0 Discontinuous 6.5 18.0 
528-0 Discontinuous 18.0 17.5 
Discontinuous 17.5 17.5 
X568-O Discontinuous 17.0 17.0 


——Inches of cracking obtained using filler wires of ——— 


528 XA548 568 Al-10% Mg 438 Brazing Wire 
16.5 14.0 5.5 0.0 0.0 0.0 
0.5 1.0 0.0 0.0 0.0 
0 1.5 1.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 0.0 
0 16.5 16.0 12.5 5.0 0.0 
0 16.0 15.5 8.5 5.0 0.0 
0 14.0 14.5 8.0 2.5 0.0 
0 12.0 11.0 8.5 1.5 0.0 


Therefore, a series of tests was conducted in which the 
manner of deposition of the weld bead was altered. It 
was found that by using a torch mounted on an auto- 
matic travel carriage it was possible to deposit very 


smooth welds. Such welds made on 52S-O plate with 
52S filler wire did not crack at all. Using the same 
plate and filler wire, manual welds made by an ex- 
perienced operator cracked 12 in. The most severe 
condition was found to be a manual weld in which the 
welding was discontinuous, that is, a weld in which a 
single bead was deposited, after which the are was 
moved to a point an inch in front of the weld until 
the bead had frozen and then was returned to deposit 
another bead, ete., until the entire fillet was welded. 
Using this procedure, the 528 plate-52S filler alloy 
combination cracked 18 in. It was also found that 
many base plate-filler alloy combinations that would 
not crack using the standard procedure gave meas- 
urable amounts of cracking using the discontinuous 
procedure; for example, 48S-O welded with 438 cracked 
five inches using the discontinuous procedure but did 
not crack at all using the standard procedure. 

Inasmuch as the discontinuous welding procedure 
gave some cracking even in 438 welds, it appeared to be 
ideal for evaluating those base plate-filler alloy com- 
binations having very low susceptibility to cracking. 
Unfortunately, however, this test proved to be so 
severe that it was not possible to use it to differentiate 
among those combinations having moderate or high 
susceptibility to cracking, since all such combinations 
gave virtually complete cracking using this test. Con- 
sequently, it was found necessary to employ two tests 
to cover the entire range of crack-sensitivity. The 
standard test previously described was found to be 
satisfactory for evaluating combinations having moder- 
ate or high susceptibility to cracking and the discontin- 
uous-bead test for combinations having low suscepti- 
bility to cracking. Photographs of specimens of 528-O 
plate welded with 528 filler wire using the two proce- 
dures are shown in Fig. 8. The differences in the ap- 
pearance of the weld bead and the amount of cracking 
are quite evident. Throughout the remainder of this 
paper the test employing the discontinuous-bead pro- 
cedure shall be referred to as the “discontinuous test,” 
and the test employing the normal welding procedure 
previously described shall continue to be called the 
“standard test.” 

Since many tests would be made using filler wires 
differing in composition from the parent metal, it 
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was evident that the cracking would frequently depend 
upon the amount of filler wire used in depositing the 
weld. Measurements indicated that 40 in. of '/s in. 
diameter wire, the size used in all tests, would give a 
normal-sized fillet, one having a */\». in. throat, on one 
side of a ten-inch specimen. Limits on the wire length 
of + two inches were found to be satisfactory. 


Table 3—Mechanical Properties of Argon-shielded Arc- 
Welded One-Inch Thick Aluminum-Magnesium Alloy 


Panels 
-~As welded-—_—. 
Tensile Free face-bend 
strength, elongationt 
Plate Filler wiré pst % in weld 

48-0 48 28,000 26 

528 28,000 29 

XA548 28 ,000 27 

28 ,000 19 

Al-10% Mg 28,000 11 

38 ,000 12 

None 23 ,000t 
528-0 528 28,000 38 

“y XA548 30 ,000 29 

31,000 22 

‘ Al-10% Mg 29° 000 9 

38 23,000 10 

None 25,000t 
XA548-O 528 32,000 29 

XA548 33,000 39 

35,000 34 

‘ Al-10% Mg . 35,000 ll 

4358 25,000 8 

None 30,000t 
X568-O0 28 34,000 34 

XA548 34,000 19 

568 38 ,000 28 

“ Al-10% Mg 32,000 13 

438 26,000 8 

None 35,000T 


* Average of full and reduced section specimens. Specimen 
dimensions and testing procedure described in Reference 3. 

t Percent elongation in the outside fibers of the weld. Average 
gage length of 1.02 in. 

} Established or tentative mjnimum tensile strengths of one- 
inch plate. 2 


Since variations in welding technique, preheat tem- 
perature and other factors occur in making the tests, 
some scatter will exist in the results. The extent of 
this scatter can best be measured by the standard de- 
viation which was found to be + 1.8 in. for the standard 
test and + 2.6 in. for the discontinuous test. 


WELD CRACKING OF STANDARD ALLOYS 


In evaluating the crack sensitivity of various alloys, 
standard and discontinuous tests were made on three 
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PER CENT MAGNESIUM IN WELO BEAD 


Fig. 9 Effect of magnesium content of weld bead on 
cracking of welds in aluminum-magnesium alloys 


series of alloys, namely, the non-heat treatable alumi- 
num magnesium alloys, 48-O, 52-O, XA548-O0 and X568- 
O; the medium strength heat treatable aluminum- 
magnesium silicide alloys, 538S-T6, 61S-T6 and 628-T6; 
and the high strength heat treatable alloys, Alclad 
148-T6, Alelad 24S-T4 and Alclad 75S8-T6. 


Aluminum-Magnesium Alloys 


The crack sensitivity of 48S-O, 528-0, XA548S-O and 
X568-O plate welded with filler alloys of 2S, 48, 528, 
XA548, 568, Al-10% Meg, 43S, and No. 716 Brazing 
‘Wire were determined by cracking tests of both the 
standard and discontinuous type. The results, which 
are given in Table 2, showed 43S and No. 716 Brazing 
Wire to be the best filler alloys from the standpoint of 
resistance to cracking. Unfortunately, however, these 
alloys give welds low in strength and ductility (Tabie 3) 
and, consequently, they are not satisfactory for welding 
the aluminum-magnesium alloys. 

The results obtained with the aluminum-magnesium 
filler wires indicated that the cracking depended upon 
the magnesium content of the welds as is shown in Fig. 
9. With both types of test, the cracking was found to 
increase from zero at no magnesium to a maximum at 
about 1.5°% magnesium and then decrease with further 
increase in the magnesium content of the weld. These 
curves clearly indicate the desirability of using high 
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Fig. 10 Effect of magnesium content of filler alloys on 
cracking of welds in aluminum-magnesium alloys; 
standard test 
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magnesium-content base alloy-filler alloy combinations 
in order to minimize cracking problems. 

The data obtained with the aluminum-magnesium 
alloy filler wires are shown graphically in another man- 
ner in Figs. 10 and 11, in which the cracking is plotted as 
a funetion of the magnesium content of the filler wire 
for the various base alloys. These curves show that in 
general the cracking decreases as the magnesium con- 
tent of both the filler wire and the base alloy increases. 
There are several exceptions to this; for example, 4S 
welded with 2S gave less cracking than 48 welded with 
4S. In these exceptions, the magnesium content of the 
welds was less than that necessary to give maximum 
cracking; therefore, the cracking increased as the 
magnesium .content of the base alloy or filler wire in- 
creased. 

Although the use of plate and filler alloys with rela- 
tively high magnesium contents minimizes weld crack- 
ing and increases the mechanical properties of welded 
assemblies, there are other considerations limiting the 
magnesium content. One important factor is the sus- 
ceptibility to stress-corrosion cracking of aluminum 
alloys containing relatively large amounts of magne- 
sium. These alloys become increasingly susceptible to 
stress-corrosion cracking with increasing magnesium 
content. The limiting magnesium content for either 
the parent metal or the filler alloy cannot be expressed 
quantitatively, since the susceptibility to stress-corro- 
sion cracking will vary with a number of factors, among 
the more important of which are: (1) the amount of 
cold work or plastic deformation imposed on the parent 
metal prior to welding or on the assembly after welding; 
(2) the extent of aging at room temperature or at ele- 
vated temperatures; and (3) the magnitude of the ten- 
sile stresses. Alloys containing about 3.5% magnesium 
for the parent metal and filler alloys are expected to ex- 
hibit a high resistance to stress-corrosion cracking. 
Tests are in progress to establish maximum magnesium 
contents consistent with good over-all resistance to 
corrosion and sfress-corrosion cracking. Indications 
are that the magnesium content for the filler alloy, at 
least, will be of a higher order, possibly as high as 5.5%. 
5% makes 
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Fig. 11 Effect of magnesium content of filler alloys on 
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cracking and also increasingly difficult to fabricate 
without appreciably reducing the susceptibility to weld 
cracking or significantly improving the mechanical prop- 
erties, 

A second important factor that could limit the magne- 
sium content of the filler alloy is the possibility of gal- 
vanic corrosion of welds made with such alloys. The 
solution potential of aluminum is gradually increased 
with increasing amounts of magnesium in solid solu- 
tion; and since alloys with high solution potential tend 
to protect those with low solution potential, the use of 
filler alloys containing more magnesium than the parent 
metal or other component parts of the assembly might 
result in galvanic attack of the filler alloy. This would 
be especially true under conditions conducive to gal- 
vanic corrosion, such as exposure to sea water. In such 
environments the attack of the filler alloy would be 
severe if the area of the lower potential surrounding 
structure were much larger than that of the higher po- 
tential weld. It would therefore be desirable in such 
exposures for the potential of the filler alloy to be as low 
as or lower than that of the surrounding structure. 
This factor would tend to limit the magnesium content 
of the filler alloy, since the solution potential of the high 
magnesium alloys is greater than that of any of the 
standard alloys listed in Table 1. 

From the various results obtained with the alumi- 
num-magnesium alloys, it would appear that in so far as 
weld cracking is concerned 528, X A548, or X568 plate 
welded with either X A548 or 568 filler wire should be 
satisfactory for nearly all welded assemblies. 


Aluminum-Magnesium Silicide Alloys 


Both standard and discontinuous type cracking tests 
were made on 538-T6, 61S-T6 and 62S-T6 plate using 
filler alloys of parent metal, 52S, XA548, 568, Al- 10% 
Mg, 438 and No. 716 Brazing Wire. The 53S-T6 and 
628-T6 plate for these tests was specially prepared since 
plate is not a standard commercial product for either of 
these alloys. The results of the cracking tests are 
given in Table 4 and are shown in the bar graphs in 
Figs. 12 and 13 for 53S-T6 and 618-T6, respectively. 
Since the results for 628-T6 were essentially the same as 
those for 618-T6, they have not been plotted. 

It is evident from the results that in so far as weld 
cracking is concerned 438 and No. 716 Brazing Wire are 
the best filler alloys for welding the aluminum-magne- 
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Fig. 12 Cracking of welds in 53S-T6 
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Fig. 13 Cracking of welds in 61S-T6 


sium silicide alloys. The next best filler alloys are the 
Al-10% Mg alloy and 56S which also have the advan- 
tage of giving somewhat more ductile joints, especially 
in the reheat-treated condition, than those obtained 
with 43S and No. 716 Brazing Wire (Table 5). The 
Al-10% Meg filler alloy and other filler alloys containing 
more than about 5.5% magnesium should be used only 
with caution, however, since welds made with them 
might be susceptible to stress-corrosion cracking and 
galvanic corrosion. 

Of the three aluminum-magnesium silicide alloys 
tested, 53S-T6 was found to be appreciably less crack 
sensitive than either 61S-T6 or 628-T6 which are about 
equally crack sensitive. The results indicate that with 
regards to crack-sensitivity 61S-T6 and 62S-T6 are 
comparable to 48-O and 53S-T6 is comparable to 


Table 4—Cracking of Welds in Aluminum-Magnesium Silicide Alloys 


Parent 
Type test 528 


Plate alloy 


538-T6 
618-T6 


Standard 0 
Standard 


Standard 

Discontinuous 
Discontinuous 
Discontinuous 


—_—_———— Inches of cracking obtained using filter wires of —— ~ 


No. 716 
Brazing wire 


XA54S 568 AL-10% Mg 
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11.5 5.5 0.5 0.0 
oe 628-T6 20.0 11.5 14.5 6.0 0.5 0.0 
aie 538-T6 20.0 17.0 14.5 15.5 2.0 0.0 
ies 618-T6 20.0 18.0 17.0 17.5 9.5 0.0 
‘ 3 628-T6 19.0 19.0 17.5 17.0 13.5 0.0 
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Table 5—Mechanical Properties of Argon-Shielded Arc-Welded One-Inch Thick Aluminum-Magnesium Silicide Alloy 


Panels 
Tensile 
strength, * 
Plate Filler Wire psi 
538-T6 XA548 22,000 
568 21,000 
Al-10% Mg 21,000 
438 21,000 
= No. 716 Brazing wire 21,000 
None 32,000t 
618-T6 XA548 25 ,000 
568 23 ,000 
Al-10% Mg 25,000 
4358 26,000 
No. 716 Brazing wire 24,000 
None 42,0001 
628-T6 X A548 23,000 
568 23,000 
Al-10% Mg 23 ,000 
435 22,000 
No. 716 Brazing wire 23 ,000 
None 42,000t 


As welded 


—Reheat-treated to — T6 temper 
Tensile Free face-bend 


Free face-bend 


elongationt strength, * elongationt 
% in weld psi % in weld 
26 33 ,000 23 
12 33 ,000 14 
9 37 ,000 14 
13 38,000 2 
4 41,000 2 
32,000t 
21 41,000 30 
13 37 ,000 9 
8 42,000 16 
15 43 ,000 10 
3 45,000 3 
42,000 
15 39,000 29 
11 40 ,000 18 
9 42,000 32 
14 45,000 4 
4 44,000 2 
42,000t 


* Average of full and reduced section specimens. 
+ Percent elongation in the outside fibers of the weld. 


Specimen dimensions and testing procedure described in Reference 3. 
Average gage length of 1.02 in. 


t Established or tentative minimum tensile strengths of one-inch plate 
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Fig. 14 Cracking of welds in Alclad 14S-T6 
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High-Strength Alloys 


Standard tests were made on the high strength alloys, 
Alclad 14S-T6, Alclad 248-T4 and Alclad 75S-T6, using 
filler alloys of 148, 248, 75S, 56S, Al-10% Mg, 43S and 
No. 716 Brazing Wire. The results are given in Table 
6 and shown in bar graphs in Figs. 14, 15 and 16. These 
results show 43S and No. 716 Brazing Wire to be the 
most satisfactory filler alloys for welding all three com- 
positions, although low cracking values were also ob- 
tained on Alclad 148-T6 and Alclad 24S-T4 using 
14S filler wire. Welds made with filler alloys of 148 
and No. 716 Brazing Wire would have the added ad- 
vantage of being more responsive to heat-treatment 
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Table 6—Cracking of Welds in High Strength Aluminum Alloys 


——Inches of cracking obtained using filler wires of 


No. 716 


Plate alloy Type test 148 248 768 568 Al-10% Mg 438 Brazing Wire 
Alclad 148-T6 Standard 4.0 8.0 16.0 14.0 2.0 0.0 0.0 
Alclad 248-T4 Standard 2.0 9.5 12.0 12.0 1.0 0.0 0.0 
Alclad 758-T6 Standard 13.5 14.5 13.0 16.5 0.5 0.0 0.0 
OcToBER 1952 Dowd—Aluminum Alloys 455-8 
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Table 7—Mechanical Properties of Argon-Shielded Arc-Welded One-Inch Thick High Strength Aluminum Alloy Panels 
Reheat treated to — 14 or —T6 


—_-———-As welded ——— ~-——lem per ——-- 
Tensile Free face-bend Tensile Free face-be “2 
strength, * elongationt strength, * elongationt 
Plate Filler wire psi (% wn weld) psi (% wn weld) 
Alelad 148-T6 148 31,000 1 60 , 000. 2 
248 34,000 3 61,000 3 
758 28,000 2 58,000 1 
5 XA548 34,000 4 47 ,000 6 
34,000 6 46,000 6 
438 34,000 7 43,000 2 
No. 716 Brazing wire 31,000 1 60,000 2 
None 67,000 67 ,000t 
Alclad 248-T4 248 34,000 3 50,000 5 
758 31,000 2 49,000 
34,000 10 46,000 1 
36,000 12 46,000 17 
30,000 10 39,000 
No. 716 Brazing wire 31,000 2 ,000 2 
None 62,000 62,000 
Alclad 758-T6 758 30,000 1 62,000 1 
XA548 31,000 5 43,000 
56S 34,000 2 51,000 11 
438 27 ,000 4 
None 77,000t 77 ,000t 


* Average of full and reduced section specimens. rr? imen dimensions and testing procedure described in Reference 3. 
+ Percent elongation in the outside fibers of the weld. Average gage length of 1.02 in. 
t Minimum tensile strengths of one-inch plate. 


after welding than similar welds made with 438. Un- 
fortunately, none of these filler alloys would produce 
ductile welds (Table 7). Welds made with the Al-10% 
Mg alloy also had low crack sensitivity; but since welds 
made with this alloy and other aluminum-magnesium 
alloys containing more than about 5.5% magnesium 
might be susceptible to stress-corrosion cracking and 
galvanic corrosion, such alloys should be used for filler 
wires only with caution. 

Of the high-strength alloys, Alclad 248-T4 was slightly 
less susceptible to weld cracking than Alclad 148-T6 
which, in turn, was somewhat less susceptible than Al- 
clad 758-T6. All three compositions, however, appeared 
to be more susceptible to weld cracking than any of the 
aluminum-magnesium or aluminum-magnesium silicide 
alloys tested. 


SUMMARY 


A simple test for evaluating the crack sensitivity of 
welds in aluminum alloys has been developed, and 
standard procedures for conducting the test have been 
established. Using this test, the crack sensitivities of 
the non-heat treatable aluminum-magnesium alloys, 
48-0, 528-0, XA548-O and X56S-0; the medium 
strength heat-treatable aluminum-magnesium silicide 
alloys, 538-T6, 61S-T6 and 62S-T6; and the high 
strength heat treatable alloys, Alclad 14S-T6, Alclad 
248-T4 and Alclad 75S-T6, welded with various filler 
alloys have been evaluated. 


It has been found that of the filler alloys tested, 43S 
and No. 716 Brazing Wire gave the least amount of 
cracking in all of the plate compositions. Welds made 
with these alloys, unfortunately, have low ductility and 
frequently low tensile strengths. Welds made with 
aluminum-magnesium filler alloys containing up to 10% 
magnesium showed, in general, decreasing suscepti- 
bility to weld cracking with increasing magnesium con- 
tent. General usage of aluminum-magnesium filler 
alloys containing more than about 5.5% magnesium is 
not recommended, however, since the decrease in the 
susceptibility to weld cracking obtained by increasing 
the magnesium content above 5.5% is not felt to be 
great enough to offset the resultant increase in suscepti- 
bility to stress-corrosion cracking and galvanic cor- 
rosion. Welds made in the aluminum-magnesium and 
the aluminum-magnesium silicide alloys with 56S filler 
wire and in 52S, XA548 and X56S alloys with XA548 
filler wire were found to have relatively low-crack sen- 
sitivity. Consequently in so far as cracking during 
welding is concerned, these combinations should be 
satisfactory for most applications. 
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Contact Resistance 


» Contact Resistance of different metals due to current constrictions 
at the contact and interface resistance due to surface conditions 


by Wm. B. Kouwenhoven and 
Clarence W. Little 


SUMMARY 


HIS paper discusses the results of the fundamental 

study of Contact Resistance carried out through 

the facilities of the Institute for Cooperative Re- 

search at The Johns Hopkins University under 
the sponsorship of the Office of Naval Research Con- 
tract Nonr 248(03). The investigation was concerned 
with the resistance of single-metal contacts of alu- 
minum, brass, bronze, silver and stainless steel; with 
particular reference to the contribution to contact re- 
sistance of spreading resistance due to current con- 
strictions at the contact and the interface resistance due 
to surface conditions. 

The contacts studied were made between the butt 
ends of solid metal cylinders one-half inch in diameter 
and two incheslong. The butt end surfaces were either 
milled with “V” grooves to produce equidistant, parallel 
ridges on the surface, or were milled flat. When two 
flat-milled surfaces were brought into contact, the 
actual area was of irregular pattern. A symmetrical 
pattern consisting of equal sub-divisions of the actual 
contact area was produced when two ridge-milled sur- 
faces made contact with the ridges of one surface cross- 
ing the other at right angles. The number of ridges 
determine the number of contact points or area sub- 
divisions produced. Contacts having 21, 80, 230 and 
1300 sub-divisions were used in the investigation. Six 
of these cylindrical units with identical surface treat- 
ments were aligned in tandem in the loading machine 
to form a specimen set with five contact surfaces in 
series. All contacts were made in air and the measure- 
ments of the contact resistance were at ambient tem- 
peratures. The contact resistances were measured, 
at loads ranging from 230 to 1575 lb. applied axially 
and with direct currents from 10 to 120 amp and transi- 
ent currents from 120 to 2000 amp. 
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The contact resistance, R,, is the sum of spreading 
resistance, R,, and interface resistance, R,. It is known 
that spreading resistance may be varied by changing 
the number of contact points or sub-areas and that it 
varies inversely as the square root of the number 
of such points. The interface resistance, however, is 
independent of the number of contact points and varies 
with contact area. It was possible, therefore, to sepa- 
rate the measured values of contact resistance into its 
two components as the number of contact points was 
accurately known. 


Results 


Thin film contact (film thicknesses of 30 Angstrom 
units or less) was established at loads of less than 230 Ib 
on all specimens tested except the flat milled aluminum 
specimens 

The value of the spreading resistance can be effec- 
tively controlled by varying contact pattern. It 
was found for all the materials tested, that if the number 
of contact points for one-half inch diameter specimen 
was increased to 1000 or more that the spreading resist- 
ance became negligible. 

The variation in the measured values of contact 
resistance for the five contacts in series was negligible 
for silver, slight for stainless steel (both materials having 
clean surfaces) and greatest for aluminum 

An equation was developed for predicting the con- 
tact resistance of materials and the results showed 
clearly that for the specimens used the contact re- 
sistance may be effectively controlled and reproduced. 


INTRODUCTION 

This paper deals with the laws that apply to the re- 
sistance offered by electric contacts as used in resistance 
welding and in electric circuits. When two metals 
are brought into contact with each other, the actual 
area in contact is always less than the apparent area 
because it is impossible to make perfectly flat surfaces. 
In general, actual contact will take place only at small 
subareas scattered over the apparent contact area. 
The electric resistance of such a contact has two com- 
ponents; one, the spreading resistance resulting from 
the non-uniform flow of current in the body of the ma- 
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terial caused by the failure to make perfect contact, 
and two, the interface resistance at the contacts caused 
by the condition of the surface and the characteristics 
of the material. 

This paper describes a technique by which the total 
contact resistance may be segregated into its two com- 
ponents and each studied separately. This technique 
made it possible to determine more completely the 
fundamental laws that govern contact resistance and 
to develop an equation for the resistance of contacts. 
This is of value not only in general electrical work, but 
also in resistance welding where the accurate control 
of the location and magnitude of the resistance is 
necessary for the production of satisfactery welds. 


THEORY 


It may be stated that the total contact resistance, 
R., equals the sum of the spreading resistance, R,, 
and the interface resistance, R,. Thus 


R. = Re + (1) 


Consider two clean, film-free metal surfaces that are 
brought together under a load or force of F pounds; 
then actual contact will oceur only over a relatively 
small portion of the apparent surfaces in contact. 
Even polished surfaces flat to a quarter wave length 
of light still have hills and valleys of over a hundred 
angstrom units, A. Actual electrical contact occurs 
only where the atoms of one metal approach those of 
the other to within a few A, corresponding to the normal 
atomic spacing of the metals. As the force is increased, 
the hills are deformed either elastically, plastically, or 
by splintering until the surfaces meet and are wholly 
mated. The maximum pressure that a given material 
can withstand without irreversibly deforming is the 
material hardness or yield point in compression, /, 
measured in psi. In actual contacts this maximum 
pressure is reached even at low loads at many points in 
the apparent contact area. Then if S, equals the load 
bearing contact area in square inches, we may write 
for crossed cylinder type contacts. ! 

S, = F/H (2) 
and for ordinary flat surface contacts 
S, = 2F/H (3) 

Whenever plastic deformation or splintering of some 
of the hills in a contact takes place then additional 
subareas are brought into contact. When the force 
is applied a second time, this new contact pattern will 
cause a change in the resistance. 

The spreading resistance, R,, in ohms, was deter- 
mined by Kouwenhoven and Sackett? for a single 
circular contact area centrally located at the base 
of a solid cylindrical conductor to be: 


1 1.409 
R, = - d. % +....| (4) 


Where p is the specific resistance of the contact material 
in ohms inches, d, is the diameter of the circular con- 
tact ares in inches, and d, is the diameter of the appar- 
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ent contact area (the solid cylindrical conductor) in 
inches. Kouwenhoven and Sackett* also found that 
dividing the actual contact area into n equal subareas 
uniformly and symetrically distributed over the appar- 
ent contact surface reduced the spreading resistance 
by the factor of n-"’*. 

Combining equation (2), (3) and introducing the 
effect of the subdivision of the contact area gives the 
spreading resistance for cross cylinder contacts. 


R, = _ 1.409 ) 


and for flat surface contacts, 


R, = _ 1.409 
Jal var 


It is of importance to note in equations (5) and (6) 
that the specific resistance, p, of the material is ex- 
pressed as a constant. This condition may not be true 
in the contact region when plastic flow occurs at the 
interface nor when high temperature gradients are 
present, as in spot welds. 

The interface resistance, R;, in ohms, for thin films 
of adsorbed gases, or oil of approximately single molecu- 
lar thickness—30 angstrom units or less 
by the relation.* 


is given 


= (7) 

Where y is the per-unit-area film resistance in ohms- 
inches and 8, is the contact area in square inches. The 
film resistance, y, depends upon the thickness of the 
film and the electron work function of the contact 
materials. This type of film resistance almost invari- 
ably exists in contacts which do not have thick tarnish 
films. It also may exist for thick films where plastic 
flow ruptures the film. The interface resistance is 
thus independent of the number of subareas in contact. 
Instead it depends only upen the total area of the sub- 
areas and not on the way they are distributed over the 
surface. It is also almost independent of temperature, 
maintaining a constant value down to the temperature 
of liquid helium.* 

If we assume that the load bearing area, S,, is equal 
to the conducting contact area, S,, equation (7) may 
be written 


yH 
= 8 
R; (8) 
The total contact resistance, R,, for the cross rod 
type of contact may be obtained by adding equations 
(5) and (8) and is: 


r. = _ 1.409 yH 
da + F (9) 


In this equation (9) it is assumed that the specific 
resistance, p, is constant in the contact region; that 
the load bearing area is plastically produced and equals 
the contact area: that the n subdivisions of the contact 
area are circular and distributed uniformly over the 
surface; and that both contact bodies are of the same 
material. 
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Fig. 1 Specimen set unit 


SPECIMENS 


In order to verify the théery and the validity of the 
assumptions, contacts of the cross cylinder type were 
constructed and tested. The parameters that were 
controlled were specific resistance, hardness, electron 
work function, the number of contact subareas, the 
mechanical load and the diameter of the specimens 


Materials 


Silver, brass, bronze, aluminum and stainless steel 
were selected as contact materials. ‘Phe silver and 
aluminum were of very high purity. The specific 
resistance and the hardness of the materials used are 
given below: 


Specific resistance (at 24° C) Hardness 


Material (ohm-inches ) (psi) 

Silver 0.685 33,000 

Aluminum 108 xX 10-* 15,000 

Bronze 1.70 90 ,000 

Brass 280 x 10* 128 ,000 

Stainless steel 28.5 x 10°* 244,000 
Specimens 


A specimen set consisted of six identical units, each 
unit being a two inch long, one-half inch diameter 
solid right circular cylinder. The six units for each 
specimen set were all cut from the same bar, and were 
mounted one above the other in the testing machine, 
contact being made between the butt ends of the units. 
This arrangement provided five equally spaced, equally 
loaded electric contacts in series. Five holes, each of 
0.020 inches diameter, spaced 0.4 inches apart were 
drilled through each unit perpendicular to the axis. 
These holes served a dual purpose, namely, for the 
insertion of thermocouples, and as points of contact 
for the resistance measuring leads. A unit is shown in 
Fig. 1. 

The subdivision of the apparent contact area into 
n equal contacts of the cross-rod type was accomplished 
by milling equally spaced grooves in the butt ends of 
the units and assembling the six units of a specimen 
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set in the testing machine with the ridges of the adjacent 
units at right angles. The resulting contact pattern 
was therefore of the crossed cylinder type. Fig. 2 
shows a specimen set, with the leads and thermocouple 
in place, in the testing machine. Five specimen sets 
of each material were made, one having five ridges; 
one, ten; one, twenty; one, forty; and one, flat-milled 
end surfaces. The grooves in these sets were cut with 
a 90° cutter. Additional specimen sets were made 
using V cutters having other angles in order to deter- 
mine the effect of the ridge angle. 


Testing Machine 


The Testing Machine was of the dead-weight load 
type. Force was applied axially to each specimen set 


Fig. 2. Specimen set mounted in testing machine 
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Fig. 3 Contact pattern 


through steel loading rods mounted on spherical joints 
at the upper and lower ends of the machine. When 
the load was applied to a set, small contact subareas 
were formed plastically at each ridge cross-over point. 
The resulting contact pattern is shown in Fig. 3. The 
number of subareas in actual contact was found to be 
21, 80, 320 and 1300 for the five, ten, twenty and forty 
ridges specimen sets, respectively. The circumferential 
uniformity of the loading of a specimen set was checked 
by strain gages mounted at 90° intervals on the upper 
and lower steel loading members of the testing machine. 


EXPERIMENTAL PROCEDURE 


A specimen set with a given value of n contact. sub- 
areas, with the thermocouple and voltage measuring 
leads in place was assembled in a ““V” block and placed 
between the loading members of the testing machine. 
The no-load readings (10 Ib) of the strain gages were 
noted, and then an axial load of 230 Ib was applied to 
the specimen set. The strain gage readings were 
checked for uniformity of loading and then a direct 
current of 10 amp was sent through the set. When 
temperature equilibrium was reached, the voltage drop 
across each of the five contacts and the voltage drop 
across the body of each of the six units in the set were 
measured using a potentiometer. In order to eliminate 
thermal and contact emfs, readings were taken with 
reversed current and the result averaged. 


Current Values 


The initial run at 10 amp was followed by runs at 
40, 80 and 120 amp. After these runs had been com- 
pleted, the 10 amp run was repeated. In addition, 
a number of resistance values were measured using 
transient currents of the order of 2000 amp, with a 
duration of 1.5 milli-seconds. 
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Loads 


The specimen sets with 21 contact points were tested 
at 230 Ib load at the current values stated above; 
they were then removed from the testing machine. 

The sets with 80 contact points were first tested at 
230 Ib and the current values. Then the load was 
increased to 920 lb and the current runs repeated. 
They were then removed from the testing machine. 

The specimen sets with 320 and 1300 contact points 
and the set with flat-milled end surfaces were tested 
first. at 230 Ib load, then at 920 Ib and lastly at 1575 
lb, the current runs being made at each load. When 
these were completed, the sets were removed from the 
machine. 

After each set had been removed from the testing 
machine, the diameter of the indentations in the ridges 
was measured using a Jones and Lamson Bench Com- 
parator at a magnification of 150. The total contact 
area, S,, in square inches was calculated from these 
measurements. 


Contact Resistance 


The contact resistance of each contact was deter- 
mined by subtracting the corresponding body resist- 
ance from the resistance found for the span that included 
the contact. The data used in the computation of 
contact resistance, 2,, was based on the measurements 
taken at ten amperes after the current cycle had been 
completed. Under these conditions the temperature 
variation between individual contacts was negligible. 


Temperature 


Readings were taken only when temperature equilib- 
rium had been reached. The three centrally located 
contacts of a set did not differ by more than 0.1° C 
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at the highest current values. The two end contacts 
were four to five degrees lower in temperature than 
the central contacts at currents of 120amp. The equi- 
librium temperature at 120 amp was of the order of 
40° C or about 17° above ambient. 


RESULTS 


The contact resistance, R,, calculated from the resist- 
ance readings included both the spreading resistance, 
R,, and the interface resistance, R,. It may be seen 
from equation (6) that the spreading resistance varies 
inversely as the square root of the number of contacts, 
n, and from (8) that the interface resistance is independ- 
ent of the value of n. Therefore, we may write: 

R. = Ci/V/n + C; 


Where C,; and C, are constants for a given material, 
and specimen set at a given load. Since R, and n 
are known, C; and C, may be determined by solving 
simultaneous equations. The value of C,/./n was 
taken as the experimentally determined spreading 
resistance and that of C, as the interface resistance. 


In calculating C,; and C, the minimum value of R, 
for the five contacts in series was used. 


Brass 


A typical set of results are given in Fig. 4 for the 
brass specimens at a load of 230 lb. The values of the 
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Fig. 4 Curves of contact resistance versus number of 
contact points for brass 
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contact resistance, R.; the experimentally determined 
spreading resistance, R,; the theoretical spreading 
resistance as calculated from equation (5), and the 
interface resistance, R;, are plotted against the number 
of contact subareas, n. In the figure, the total spread 
of the values of R, as found for the five contacts that 
make up a specimen set are shown by the shaded por- 
tion of the curves. It will be seen that at n = 1300 
the values of R, are not in line with those for the other 
values of n. This discrepancy is due to the fact that 
at this load a number of the possible 1300 contact points 
had not yet made actual physical contact. In tests 
at increased loads both the discrepanc¥ and the spread 
became less. 

It is evident from Fig. 4 that the experimental spread- 
ing resistance is higher than that given by the Kouwen- 
hoven—Sackett theoretical equation (5). The increase 
may be caused by variations in the specific resistance of 
the material with plastic flow, by non-conducting sur- 
face films on the contact interface, by additional resist- 
ance due to the grooves, or to some other variable 
that has not been taken into account. In Fig. 4 are 
also plotted the experimental results for specimen sets 
having ridge angles of 60° and 45°. Their values fall on 
the curve for the standard 90° ridge angle which was 
used for the majority of the specimen sets. (It might 
be noted that the body resistance of the 60° and 45‘ 
ridge angle specimen sets was slightly higher—about 
5°%—than the body resistance of the 90° specimen sets 
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Fig. 5 Curves of contact resistance versus number of 
contact points for bronze 
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If this correction term were not used the 60° and 45° 
points would lie just above the 90° curve instead of 
just below it, as shown.) 


Bronze 


In Fig. 5 the results are given for the bronze specimen 
sets at a load of 920 lb. This figure illustrates clearly 
what happens when the alignment of a specimen set is 
faulty. The specimen set for n = 80 was slightly out 
of plumb and showed a slight bow. It is clear that 
under these conditions the spread of the values of 
R. is several times greater than those of the specimen 
sets for n = 40 and for n = 320. It was interesting 
to note that the high values of .R, occured at contacts 
with the least symmetrical pattern. For the bronze 
specimens it should also be noted that the experi- 
mental values of R, are larger than the theoretical ones. 


Silver 


The results obtained with the pure silver specimens 
sets are plotted in Fig. 6 for a load of 230 lb. The 
silver specimens were machined and kept under a dry, 
sulphur-free oil and therefore had little if any surface 
tarnish film. The oil was removed immediately prior 
to the assembly of the specimen sets in the testing 
machine. The contact resistance of the five contacts 
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Fig. 6 Curves of contact resistance versus number of 


contact points for silver 
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Fig. 7 Curves of contact resistance versus number of 
contact points for aluminum 


was found to be identical, and there was no spread in 
the results. It should also be noted that the difference 
between the experimentally determined R, and _ its 
theoretical value is a small one. The difference for 
silver was found to be smaller than that found for any 
of the other materials tested. 


Aluminum 


The aluminum was of extremely high purity and 
very soft. Runs were only feasible at a load of 230 
lb. The results that were obtained are given in Fig. 7. 
The spread of the contact resistance values is very 
large as was to be expected with a metal having such 
a tenacious oxide film coating. The experimentally 
measured value of the spreading resistance was more 
than ten times the corresponding theoretical values. 
In the test made with the flat-milled end surface alumi- 
num specimen set the spread in the measured values 
of contact resistance was very much larger than that 
found for the specimen sets with controlled contact 
pattern. The spread of the R, results for the flat- 
milled surfaces was forty times the maximum spread 
found with controlled contact patterns as given in 
Fig. 7. 


Stainless Steel 


Stainless steel specimen sets were made with two 
values of contact points, namely » = 80 and 320. 
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Fig. 8 Curves of contact resistance versus number of 
contact points for stainless steel 


The results of the runs on these sets for a load of 230 
Ib are given in Fig. 8. The spread of the contact 
resistance, R,., values is small as would be expected for 
this material with its clean, thin-film surface. The 
figure shows that the experimental spreading resistance 
curve lies considerably higher than the theoretical 
curve for R,. Stainless steel had the largest. specific 
resistance of any of the materials tested and the dif- 
ference between the experimental and_ theoretical 
values of spreading resistance is also the greatest; pro- 
vided aluminum, with its tenacious oxide film, is neg- 
lected. 


Contact Resistance vs. Load 


In Fig. 9 is plotted a typical group of curves showing 
the variation of contact resistance, R,; spreading resist- 
ance, R,; and interface resistance, R,, with load for 
brass specfinen sets. These curves are plotted on 
log-log paper and the slope of each curve is indicated 
by the corresponding K. It is evident from Fig. 9 
that specimen sets with n = 80 and 320 are in accord 
with the theory as given by’equation (9). It is also 
clear that R, follows the theory. The specimen sets 
with n = 1300, however, do not fall into line. 
due to the fact that it was not possible to machine 
these so as to provide uniform contact at all points 
The curves bent downward with 


This is 


on the surface. 
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increasing load because the number of points in actual 
contact’ also increased with load. Neither do the 
flat-milled specimen sets conform to theory. It is 
also of interest to note that the experimental spreading 
resistance curve for n = 1 at the loads shown in Fig. 
9 would lie close to the average R, for the flat-milled 
specimens. 


Transient Currents 


The value of the contact resistance for transient 
currents was investigated for a number of specimen 
sets. The transients were produced by discharging a 
capacitor, charged to a given direct current potential, 
through the specimen set. The voltage drop and the 
currents were recorded on photographs of the oscillo- 
In all, 94 records were 
The time constant 


scope traces of the transients. 
taken of the capacitor discharges. 
of the circuit was 1.5 milliseconds and the maximum 
current was of the order of 2000 amp, equivalent to a 
current density of slightly more than one million am- 
peres per square inch. For specimen sets with controlled 
contact patterns the ratio of the transient contact 
resistance to the transient body resistance was practi- 
cally the same as that obtained from the continuous 
For the flat-milled specimen 
set, however, the contact resistance was about one- 
fourth of that determined with continuous current. 


current measurements. 


This large reduction in contact resistance for the flat- 
milled specimen contacts may be due to a capacity 
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effect caused by a considerable part of the apparent 
surfaces, which although extremely close together were 
not in actual electric contact, acting as the plates of a 
capacitor. 


Error 


The probable error in the results is of the order of 
+ 5 percent. One of the causes of this error is the 
fact that it was impossible to know the exact position 
of the resistance measuring leads in the 0.02 inch diam- 
eter holes in the specimens. 


DISCUSSION OF RESULTS 


Experimental R, 


The experimentally measured spreading resistance 
was found to be higher than the value given by theory 
for all specimen sets. This difference may be due to 
changes in the specific resistance, p, under plastic flow; 
to temperature effects at the interface; to the incorrect- 
ness of the assumption that the load bearing area, 
S,, and the contact area, S,, are identical; to the fact 
that all n contact subareas were not of equal size; 
or to other causes. 

One probable cause of this increase is the variation 
in specific resistance produced by the plastic flow of 
the metal areas in contact. In the theoretical deriva- 
tion of equation (5), p was assumed to be constant. 
If it is a space variable then the solution of the basic 
field equation is quite different. The increase in the 
experimental R, was the least for silver having the 
smallest value of p and greatest for stainless steel having 
the largest value of p. This is evident from a compari- 
son of Figs. 6 and 8. The silver and the stainless 
steel were the two specimen sets having the least 
amount of surface films. The other metals studied, 
having thicker surface films, show-a greater spread in 
the measured values of contact resistance, R,. Their 
specific resistances, however, are intermediate between 
those of silver and stainless steel and their experimental 
R, curves differ from the theoretical R, curve in porpor- 
tion to their respective values of p. This may also be 
seen from a study of Fig. 10. 


Number of Contact Points 


The curves for the materials studied show that the 
spreading resistance, R,, can be effectively controlled 
by varying the number of contact subareas, n. The 
curves also show that for n equal to about 3000 (approxi- 
mately 15,000 for a contact of one square inch in area) 
that the value of R, becomes less than one micro-ohm, 
and effectively disappears, being negligible compared 
to Ry. 


Interface Resistance, R, 


Figure 9 shows clearly that, for thin surface films and 
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Fig. 10 Curves of spreading resistance versus number of 
contact points plotted on a per unit basis for steel, brass, 
bronze and silver 


the materials studied, the interface resistance may be 
controlled by varying the load on the contacts. It is 
independent of the contact pattern. In Fig. 9, the 
R, curve is common to all of the R, curves shown. 


Control of Contact Resistance, R. 


The contact. resistance may be controlled by varying 
either of its two components. The spreading resistance 
may be controlled by using a definite contact pattern 
and may be reduced by making the number of contact 
points large. For reproducible results, there is a value 
of n which should not be exceeded. The surfaces 
should be clean or at least free from thick films. 
Increasing the force on the contacts will reduce both the 
spreading and the interface resistance. A high value 
of contact resistance may be obtained by making n 
= 1 as in a projection weld and by the use of a small 
diameter projection. 


CONCLUSIONS 

The following conclustons may be drawn from this 
investigation: 

1. A method, the use of a definite contact pattern, 
has been developed which makes it possible to separate 
the contact resistance into its two components, spread- 
ing resistance and interface resistance. 
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2. The value of the spreading resistance, R,, was 
found to vary inversely as the square root of the number 
of contact points n, as predicted by theory. 

3. The experimentally measured values of spreading 
resistance were found to be higher than those predicted 
by theory. 

4. The spreading resistance is larger than the inter- 
face resistance for values of n of less than 1000 at loads 
greater than 100 lb. It is a major component of the 


contact resistance for thin film metal contacts made 
in air under static loads. 

5. The contact resistance can be controlled and 
accurately reproduced with materials having only thin 
surface films. 
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Basic Flame Studies and Their Relationship 


(o Welding Equipment 


» Study of factors affecting stability of propane flames and the 
relationship of these factors to welding and heating equipment 


by James A. Browning and 
Merle L. Thorpe 


ITTLE is known concerning the actual chemical 
and kinetic processes of combustion. However, a 
considerable amount of experimental work has 
been conducted to determine the stability limits 

of both oxy-fuel and air-fuel flames. The designer of 
combustion equipment is mainly concerned with the 
performance of his equipment over a wide range of 
operating conditions, and knowledge of the limits of 
stability can ease his job considerably. 

The experimental results shown in Figs. 3 and 4 have 
been taken from a study of flame stability conducted at 
the Thayer School of Engineering, Dartmouth College 
under the sponsorship of the Office of Naval Research. 
Results obtained for propane are presented. The 
stability diagrams for various other gases such as 
acetylene, butane and the liquid fuels typified by nor- 
mal-heptane would appear similar to those for propane 
except for the values of the coordinates. 

The flame produced by most welding equipment is 
of the Bunsen type similar to that shown in the sketch 
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of Fig. 1. The oxygen which is present in the com- 
bustible stream burns with the fuel to form the intense 
inner cone, while the secondary combustion is the re- 
sult of additional burning due to the presence of at- 
mospheric oxygen. A sectional view taken through 
the center of the primary cone would appear as shown 
in Fig. 2. The cone itself is a thin shell, or region, of 
combustion. This combustion zone establishes itself 
in such a fashion that at every point along its surface 
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the component of the stream velocity in a direction 
perpendicular to the surface is equal to the flame 
velocity. If the flame velocity U; (the rate at which 
the flame propagates itself into the unburned mixture) 
at a point is higher than the stream velocity at that 
same point, then the flame would move to a new posi- 
tion of equilibrium. If a new equilibrium condition 
cannot be attained, then the flame flashes back into the 
tube. In like fashion, if the stream velocity is at every 
point higher than the flame velocity the flame is ex- 
tinguished. Point A in Fig. 2 (a) illustrates such a 
point of equilibrium. Assuming that the laminar 
velocity profile remains constant at points above the 
tube, then the component U,, of the stream velocity 
{’, normal to the flame surface is equal to the flame 
velocity U,. (In the actual case this parabolic velocity 
distribution is lost due to the thermal expansion of the 
stream issuing from the burner port.) 


The stability diagram for mixtures of propane and 
air is shown in Fig. 3. It should be noted that this 
diagram is divided into several discrete regions, each of 
which represents a different type flame. The portion 
shown by means of horizontal lines is for a flame burn- 
ing stably at the burner port. If, beginning at point A 
the stream velocity is increased keeping the fuel per- 
centage constant, a point is reached where the flame 
blows off and is extinguished. Decreasing the stream 
velocity may result in flashback into the tube. When 
the fuel percentage reaches that of C blowoff no longer 
occurs. Rather, the flame jumps to a lifted position. 
Further increase of the stream velocity blows out the 
lifted flame. 

A flame which is burning in the lifted position drops 
back to the burner port at a stream velocity lower than 
‘that at which it was originally lifted. A unique con- 
dition exists between points D and C. A lifted flame 
can be blown out at a stream velocity lower than that 
at which a stable flame blows off. Thus, the only way 
a lifted flame can be produced within this region of the 
diagram is to ignite the mixture at a position well above 
the port and at a stream velocity higher than the drop- 
back velocity. 

Although a stable flame is produced throughout the 
region shown, most welding and heating applications 
are limited to a narrow band of fuel percentages. At 
higher fuel percentages the flame becomes luminous 
and is an inefficient producer of heat. At high air 
concentrations the flame is again too cool. The opti- 
mum fuel percentages for heating purposes lie between 
about 8 and 25%. 


Figure 4 shows the stability diagram for mixtures of 
oxygen and propane. Comparison with Fig. 3 in- 
dicates the great difference between oxy-fuel and air- 
fuel flames. The most significant change is that of 
stream velocity. The velocities associated with blow- 
off for the oxygen system are about ten times greater 
than those for air. Also, the characteristic shape of 
the stability diagram has changed considerably. In 
the air-fuel diagram the blowoff curve blends smoothly 
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into the lift curve. This is no longer true for the 
oxygen flame. The blowoff curve rises steeply to a 
maximum value of 260 fps at 33% propane by weight. 
Beyond this peak the stream velocity falls off rapidly. 
An oxygen flame will not jump to a lifted position of 
equilibrium when small tubes are used. 

At low fuel concentrations blowoff of an air-fuel 
flame results and the flame is extinguished. As the 
fuel content is increased beyond point C of Fig. 3 lift 
ean occur. The boundary region surrounding the jet 
issuing from the burner tube is enriched with fuel 
transferred from the jet. When the fuel content is 
sufficiently high a flame will establish itself in this 
boundary layer by virtue of its burning velocity being 
equal to the reduced stream velocity at an elevated 
position. This equality allows a lifted flame to form. 
In the case of the oxygen flame the velocity gradient g 
(the change of velocity with distance from the tube wall 
in sec~') is so great at stream velocities higher than 
blowoff conditions that the concentration of fuel in 
the boundary layer can never reach the point where 
the flame can jump by itself to the lifted position. 
Further inspection of Fig. 4 shows that a lifted flame 
can occur if the combustible jet is ignited at a position 
well above the port with the stream velocity and mix- 
ture proportions adjusted to those values which will 
fall between the blowout and drop-back curves. 

A common fault of oxy-fuel torches is the continued 
burning of the mixture after flashback has occurred. 
The design of the tip orifices, which are equivalent to 
the burner tube in the above discussion, can lead to a 
minimum of flashback. These passages should be 
made of such diameter that the stream velocity through 
them is well above the maximum flashback velocity as 
shown in Fig. 4. It would seem then that a greater 
number of smail diameter holes for cutting tips would 
serve better than a fewer number of large holes. How- 
ever, the smaller the holes, the more difficult are tip 
manufacturing problems. Also, small holes can be 
clogged easily. Some optimum size can be found. In 
the design of welding tips there is not the freedom of 
choice as to hole size. One hole must supply the full 
amount of mixture. With this type tip flashback 
occurs readily when the stream velocity is reduced be- 
low a certain critical value. For the case when the 
stream flow is momentarily halted, as when the tip is 
brought up against a solid surface, flashback cannot be 
prevented. The problem is now to design the torch 
passageways in such a fashion that the flame which 
burns back through the mixture is extinguished. A 
complete cure for this situation is given by post-mixing 
of the oxygen and fuel. The two fluids are brought 
together at a point beyond the end of the torch tip. 
However, the mixture produced is far from homogene- 
ous, resulting in a poor flame. 

In the cutting torch field head-mixing of the oxygen 
and fuel is quite popular. In the case of flashback the 
flame can only travel back to the point where the two 
fluids first meet. The hazard of having continued 
burning in the torch handle is eliminated. 
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What factors lead to the continued burning of the 
flashback flame? They are the same causes which will 
lead to the establishment of a lifted flame in Fig. 4. If 
the stream velocity in the passages is less than that 
shown by the curve for blowout, then a flame similar 
to a lifted flame ean occur within the torch itself. The 
oxygen supply must be turned off until the flame dies 
out. A maximum diameter for these passages can be 
found below which no internal sustained burning is 
possible. The throttling effects of small holes comes 
into play if the diameters are kept too low. Again, an 
optimum size can be found. 

A second reason for this troublesome burning is the 
result of noneven flow through the torch. Any abrupt 
change in passageway dismeter, any mixing device 


. placed in the stream, or passage wall roughness will 


lead to local zones of turbulence with resulting eddies. 
The local stream velocities in such an eddy may be 
lowered to the point where a flame can be stabilized. 
Connections between individual parts of the torch 
must provide transitions as smooth as possible. Ven- 
turi passages must be designed with diffusers which 
will give as even a flow as possible. This means holding 
the divergence to less than 15 deg. of included angle s@ 
that separation from the wall is not possible. 

It is common practice to provide a series of small 
holes which lead the combustible mixture to an annulag 
chamber within a cutting tip. A flashback into thig 
portion of the tip may produce lifted flames above these 
orifices. Better design would be to allow controlled 
expansion of the mixture into the annular chamber in 
such a fashion that turbulence is reduced to a minimum, 

The discussion thus far has made use of the assump- 
tion that the burning phenomena within a restricted 
passage is in all ways identical to that of the same 
flame burning in the free atmosphere. This is not 
quite the case. The quenching effect of the tube walls 
and lack of secondary oxygen come into play. It ig 
hard at this point to say how great a difference exist¢ 
between the two types of flames. A close inspection 
of the open flame leads to the qualitative approach 
dealt with so far. A further study simulating actual 
conditions should be made. A series of different sized 
mixing tubes should be tested as to their resistance to 
sustaining a flame after flashback. This experimental 
trial-and-error approach would lead to a satisfactory 
design under any one set of conditions. In fact, the 
values of the controlling parameters covering a wide 
variety of conditions might be discovered. 

Much of the work conducted to date in the Thayer 
School laboratories has been in the field of liquid fuels. 
The paraffin series produce comparable flames. Pro- 
pane, butane, normal-heptane, iso-octane and gasoline 
have been tested. Their stability curves are sur- 
prisingly similar, and ean generally be illustrated by 
Figs. 3 and4. The maximum stream velocities produce 
the hottest flames. Under these conditions the reaction 
rate between the uniting molecules is highest with the 
greatest amount of heat release per unit of volume. 
To provide this high reaction rate an excess of oxygen 
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high reaction rate and release of heat of formation dur- 
ing combustion allows a high temperature, neutral or 
reducing flame to be used. 

Benzene-oxygen produces a flame which is in most 
respects equivalent to the oxy-acetylene flame. While 
continued observation of the oxy-paraffin flames could 
be accomplished using the naked eye, the benzene 
flame had to be observed through dark glasses. Its 
intensity of radiation is nearly equal to that of acety- 
lene. Preliminary welds of '/, in. thick steel strap 
were broken in a testing machine and were found to be 
free of oxidation. Benzene can be formed by passing 
acetylene through a hot iron pipe. The reaction is: 
3C,.H.~C,Hs. However, the heat of formation of 
benzene is less than that of acetylene with the result 
that the flame temperature is slightly less. The econom- 
ics of using benzene for welding are quite evident when 
compared with the more expensive acetylene. How- 
ever, little work has been done to provide suitable 
equipment for utilization of these flames. 


The test apparatus for conducting this type of re- 
search is quite simple and is illustrated in Fig. 5. The 
results have proved quite worth while, and it is felt that 
reducing the welding flame to its simplest elements can 
Figure pay huge dividends. 
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Spot Welding of Titanium Alloy Sheet 


» Satisfactory spot welds in titanium alloy sheet re- 
quire specific welding equipment, correct machine set- 
tings and adequate preparation of surface conditions 


by M. L. Begeman, E. H. Block, Jr., and 
Frank W. McBee, Jr. 


RACTICALLY all metals and alloys that are pro- 

duced in sheet form lend themselves to spot welding, 

well known as a most economical and rapid manu- 

facturing process. Titanium and several of its 
alloys are no exception, but the procedures and tech- 
niques applied to ordinary metals must be modified to 
suit titanium alloys. In every case, satisfactory welds 
require the use of specific welding equipment, correct 
machine settings and adequate preparation of surface 
conditions. 

Recent investigations of titanium alloys indicate that 
this metal responds well to resistance welding when 
proper welding conditions are maintained. In fact, 
its welding range appears to be rather wide, making it 
possible to compromise weld strength, penetration, 
indentation and other factors while still obtaining a 
satisfactory weld. 

The purpose of this investigation was to study the 
welding characteristics of one of the titanium alloys 
with particular regard to weld strength, penetration, 
indentation, hardness and microstructure. 


MATERIAL USED IN TESTS 


The information contained in this paper pertains 
to the spot welding of 22-gage (0.031 in.) TI-100A, one 
of the commercial titanium alloys produced by the 
Titanium Metals Corporation of America. It is used 
primarily for sheet, plate and wire products. Though 
non-heat-treatable, it responds very definitely to work 
hardening operations. 

As supplied, it was in an annealed condition having 
the following specified physical properties: 

M. L. Begeman, Professor of Mechanical Engineering; E. H. Block, Jr., and 
Frank W. McBee, Jr., Research Engineers, Defense Research Laboratory, at 
The University of Texas, Austin, Tex 

This work was supported by the Navy Bureau of Ordnance under the basic 
research phase of ite Contract NOrd-9195 and the Mechanical Engineering 
Department of The University of Texas, Austin, Tex. Scheduled for prea- 


entation at the Thirty-Third National Fall Meeting, AWS, Philadelphia, 
Pa., week of Oct. 20,1952. Closing date for discussion Dec. 15, 1952 
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Tensile strength, psi 100,000 
Yield strength, psi 75,000 
Elongation, % 20-25 
Area reduction, % 45 


Hardness, Vhn Approximately 300 

Tensile tests of several specimens of the sheet used 
in assembling data for this paper indicated an average 
tensile strength of 125,000 psi. 

Prior to welding, the sheet stock was sheared int® 
components in. long and in. wide. Test speci 
mens were then degreased with carbon tetrachlorid@ 
no further cleaning was deemed necessary. 

In the welding procedure, a lap of */, in. was used t® 
conform with good practice. These specimens were 
ultimately subjected to a tension-shear test in a unive 
sal testing machine. 


WELDING EQUIPMENT 


Throughout these tests an air-actuated (Acne 
75 kva), pressure type welder was used in connection 
with a synchronous control panel (G. E. Thyratron 
control and sequence panel). Current values were 
measured by means of a pointer stop ammeter in cof 
junction with a current transformer. In additiog, 
check readings were made using a cathode-ray oscil 
loscope and a Land camera. 

For most of the welds, the machine was equipped 
with standard Mallory No. 1527 (fluted, RWMA 
Class 2) electrode tips having a 2 in. radius dome. 
A few runs were made using flat tips and 6-in. radius 
dome tips, primarily to study the effect of tip shape 
upon penetration. 


TEST PROCEDURE 


Conditions for welding all specimens were selected 
on the basis of results of other investigators, as well 
as those of the authors in previous studies. 

The following settings were used in making all welds: 
squeeze time, 20 cycles; hold time, 20 cycles; electrode 
closing rate, 3 fps; throat depth, 12 in.; horn gap, 
8 in.; electrode cooling water rate, 1.5 gpm; tip pres- 
sure 600 lb; and electrode stroke, 0.25 in. 
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Major variables were weld current and weld time. 
Electrode tip shape and pressure were varied in several 
of the tests to obtain information on the effect of these 
variables. 

A preliminary test was first made using a tip force 
of 600 Ib. and weld time of 8 cycles while varying the 
weld current. From the data obtained and from micro- 
graphs of the test welds the recommended value of 
welding current was selected. 

The low value of current (5600 amp) finally chosen 
was selected because it yielded welds of satisfactory 
strength without excessive penetration. Using this 
current, a series of welds was made, varying the weld 
time from one to 20 cycles. 

Results of this run indicated that it would be advis- 
able to make further investigations with regard to 
low cycle time in an attempt to obtain satisfactory 
penetration and weld nugget characteristics. Ac- 
cordingly, three runs were made with varying current 
for times of 1, 2 and 3 cycles. From the results ob- 
tained, machine settings for pressure or tip-force runs 
were selected. 

In each case, at least 4 welds were made at each point, 
three for destructive testing and one for metallurgical 
purposes. After fabrication of the welds, indentation 
was measured and then the specimens were loaded 
in the testing machine until failure occurred. 


DISCUSSION OF RESULTS 


Effect of Weld Current on Strength 


The two factors having greatest effect on weld 
strength are welding current and welding time. In- 
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Fig. 1 The effect of weld current and weld time upon the 


strength of spot-welded Titanium 100A 
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Weld Diameter 


Weld Nugget 


Heat Affected Zone 


Fig. 2 Diagrammatic sketch of a typical spot weld 


fluence of both these factors is well illustrated in Fig. 1, 
which shows the variation of strength with welding 
current for various cycle times. 

For each cycle time plotted, there is a definite in- 
crease of weld strength up to the point where flashing 
occurs. Beyond this point weld strengths tend to 
continue to increase, but are erratic. Quite obviously 
if strength were the only consideration, a high weld 
time and current should be used. However, if low 
indentation and satisfactory penetration are desired, 
there must be some compromise with strength, as can 
be seen by reference to the micrographs and other 
curves. 

A sketch of a typical weld is shown in Fig. 2. There 
are three distinct zones shown, the parent metal, the 
heat-affected zone and the weld nugget. Weld pene- 
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Fig. 3 Effect of weld current on weld size and penetration 
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fig. 4 Size of spot welds made on Titanium 100A with 
varying currents and weld timers 
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tration is defined in this paper as t/7T (100) and is 
expressed as per cent penetration. 

In Fig. 3, several micrographs are shown of typical 
welds from the 8 cycle strength curve in the previous 
figure which show the influence of increasing welding 
currents upon size and nugget. 
The weld penetration increases slightly as the current 
is increased, but in all cases it approaches 100%. The 
weld nugget diameters indentations, however, 
are quite clearly increased. Two of the welds show 
some expulsion or “‘finning’’ of the metal between the 
sheets. 
none of these welds is acceptable, and that a lower 
weld time should be used to obtain satisfactory pene- 
tration. 


appearance of the 


and 


It is felt that when all factors are considered 


It is generally agreed that strength is directly pro- 
portional to weld size. Figure 4 shows the effect of 
varying current upon the weld diameter. Any con- 
ditions tending to increase the welding heat will ob- 
viously increase the weld size and strength, provided 
metal is not expelled from the weld as a result of flash- 


creases in penetration and identation. In general, these 
relationships should closely follow the trend shown in 
the curves of Fig. 1. Eventually a condition is obtained 
which results in flashing and poor welds. 


Influence of Weld Time on Weld Characteristics 


The above data indicated advisability of selecting 
a fairly low welding current (5600 amp) and varying 
the weld time in order to obtain a weld with more satis- 
factory characteristics. 
on which is 
plotted strength, penetration, indentation and diam- 
eter of the weld for various cycle times. The’st rength 
curve shows that strong welds, around 1200 lb, can be 
made with weld times as low as 3 or 4 cycles. 
welds have satisfactory 


Results of tests are shown in Fig. 5, 


These 
penetration (below 80°), 
low indentation and good structure. 

The eftects of varying cycle times upon the structure 
and size of the weld are shown in Fig. 6. At one cycle, 
the weld shows evidence of insufficient heat, and its 
shape is not that of a satisfactory weld; however, 
the strength of this weld was slightly over 1100 Ib. 

As greater weld times were used, the shape gradually 
changed, with corresponding increases in weld nugget 
size, indentation and penetration. From these micros 
graphs and the data of Fig. 5, it appears that a weld 
current of 5600 amp and a weld time of 4 cycles will 
produce a satisfactory weld. This is a compromise s@ 
far as strength is concerned, but it does give good penes 
tration and other weld characteristics 


Weld Penetration 


All satisfactory welds should have good peuetration 
Low 
is an indication of low 
strength welds, while high penetration (above 80°%) 
indicates the possiblity of occasional cracks in welds, 
Penetration figures are obtained by taking the ratié 


weld metal into the outer sheets, 
weld penetration (below 20° %) 


of the cast 


ing. Attendent with the increase in weld size are in- of the measured cast weld metal thickness to the total 
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Fig. 6 Effect of weld time on weld penetration and size 
(weld current 5600 amp) Magnification 10 


weld thickness at the center of the weld nugget. Since 
most of the high-strength titanium welds had unusually 
high penetration, and since this weld characteristic is 
considered to be important for most metals, it was 
thought advisable to investigate the penetration and 
strength characteristics of low-cycle time welds. 

The variation of penetration with increasing weld 
current for cycle times of 1, 2, 3 and 8 cycles is shown 
in Fig. 7. These curves indicate that nearly all the 
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Fig. 7 Weld penetration in spot welds of Titanium 1004 
with varying weld time and current (tip force 600_\b) 
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welds with lower cycle times have satisfactory pene- 
tration. However, it must be pointed out that these 
curves represent average values, and in most welds 
accurate cast weld metal dimensions are difficult to 
obtain. 

Figure 8 shows several typical micrographs for | 
cycle welds. All are similar in shape but show an in- 
crease in penetration as the welding current is increased. 
Penetration in the first micrograph is too low, but in the 
others penetration and strength values were both 
satisfactory. 
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Fig. 8 Micrographs of spot-welded Titanium 1004 at 
one cycle weld time. Magnification 10 x 
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Fig. 9% Micrographs of spot-welded Titanium 1004 at two 
cycles weld time. Magnification 10 x 
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Micrographs for 2-cycle weld times (Fig. 9) indicate 
that the trend of the previous paragraph still holds, 
but penetration is greater. For 3-cycle weld times, 
several micrographs are shown in Fig. 10. Penetration 
is satisfactory up to around 5600 amp, but above this 
current it exceeds 80°). 

It will also be noted from the micrographs that a 
metal extrusion appears between the sheets at each 
end of the weld nugget. This tendency also showed 
up in some of the 2-cycle welds of Fig. 9. Strength 
values for all welds in both Figs. 8 and 9 were satis- 


factory, most of them being above 1200 Ib. 


7200 AMPS 


8600 AMPS 
Fig. 10 Micrographs of spot-welded Titanium 100A at 
three cycles weld time. Magnification 10 


No further cycle times were investigated, other than 
the over-all data shown in Figs. 5 and 6. From the 
data obtained, it appears that the most important 
factor affecting penetration is weld time. It should 
be kept as low as possible for the current used in line 
with the strength desired. 


Surface Indentation 


Indentation occurs on the surface of all good spot 
welds and increases when welding current, cycle time 
or weld pressure are increased. This trend is shown in 
the average values of the indentation obtained in several 
tests (Fig. 11). All welds were made with 2-in. radius 
dome tips, which may account for some of the high values 
obtained. These values could be reduced by using 
flatter tips with a controlled area. 
material used was quite thin, the values might be de- 
creased some by the use of lower tip pressures. 


Also, since the 


Welding Pressure 


The effect of increasing weld pressure upon the weld 
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Fig. 11 Effect of weld time and current on indentation of 
spot-welded Titanium 100A 
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strength is indicated in Fig. 12. At low pressures, there 
is greater resistance between the sheets and conse- 
quently more heat in the weld. This results in a 
slightly stronger weld than when normal pressures are 
used. However, if the pressure is too low, excessive 
flashing results. Increasing the pressures to high values 
increases the indentation with little or no effect upon 
the strength. 
between the sheets is also caused by high pressures. 
Two micrographs having tip pressures of 300 and 
The low- 
pressure weld is stronger and has greater penetration 
and lower indentation than the high-pressure weld. 


Greater tendency for metal extrusion 


900 Ib., respectively, are shown in Fig. 13. 


Tip Shape 


Tip shape, as it affects weld characteristics, was in= 
vestigated on a very limited scale. Welds were made 
using a 6-in. radius dome tip, a */j»-in. diam flat tip, a 
'/,-in. diam flat tip and a */js-in. diam flat tip. All 
welds were made at 4 cycles and 5600 amp. 

The 6-in. radius dome tip resulted in a weld with 
slightly less penetration; however, the weld was not 
symmetrical. On the other hand, a slight increase 
in strength was noted. 
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Fig. 12 Influence of tip force upon weld strength (weld 
current 5600 amp, weld time 4 cycles) 
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Fig. 13 Micrographs 
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Welds made with the flat tips decreased in strength 
as the tip diameter was lessened. The current density 
was obviously too high when using the */\-in. tips. 
This resulted in flashing and poor weld characteristics. 

It is the belief of the authors that this information 
is not conclusive and that the subject merits further 
investigation. 


Type of Failure 


In all instances where weld penetration exceeded 
approximately 85° >, the spot welds made in this in- 
vestigation failed as plugs or buttons. As the pene- 
tration decreased, welds tended to fail in a combination 
of tear around the weld and across the plate. In the 
case of welds with very low penetration (1 cycle, 
5600 amp), failure occurred in shear. 


Hardness Tests 


Hardness studies of the spot welds were made using 
a Tukon Hardness Tester with a Knoop Indenter. 
Hardness measurements were made in the parent 
metal adjacent to the weld, in the heat-affected zone 
and in the weld nugget for several different welds. 

An average value of about 460 khn was obtained for 
the parent metal. The heat-affected zone showed a 
slight decrease to about 430 khn, while the weld nugget 
showed a further decrease to approximately 400 khn. 
The change in hardness was so slight that it is assumed 
the hardness is not materially affected by the spot- 
welding process. However, there may be some tend- 


ency toward stress relief from the cold-rolled material 
tending to lessen the hardness. 


CONCLUSIONS 


The results obtained from these tests indicate that 
titanium TI-100-A can be effectively fabricated by the 
spot-welding technique. The welding range is wide, 
and close control of any major variables affecting the 
weld appeared to be unnecessary unless certain weld 
characteristics were desired. Very high strength welds 
can be made for situations requiring high physical 
properties. However, this property may be decreased 
considerably to improve other weld characteristics and 
still have welds of good strength. 

Weld penetration appears to be higher and more 
difficult to control than in most other metals. Best 
values are obtained by using a low weld time with a 
moderate welding current. However, if it is desirable 
to use a high weld time, the weld current must be low 
if penetration is an important consideration. 

It is questionable whether or not the matter of high 
weld penetration presents a serious problem. Ex- 
amination of many cross-sectioned specimens under the 
microscope failed to reveal weld cracks or otherwise 
poor structure in any of the welds except where ex- 
pulsion occurs. Also the tension-shear tests indicated 
excellent strength. Most specimens failed either by 
the metal being torn around the weld nugget or by a 
combination of tear around the weld and tear across 
the specimen adjacent to the weld. Both are common 
methods of failure for higher strength spot welds. 

The limited tip shape investigation as well as the tip 
force tests made indicate that with further investigation 
these variables may be more effectively used to control 
weld penetration and strength. 
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The Effect of Strain-Rate on Twinning and 


Brittle Fracture. 


» Relationship of strain-rate, temperature and brittle frac- 
ture in low-carbon steel as determined in simple tension 


by D. Rosenthal and C. C. Woolsey, Jr. 


Abstract 


The relationship between strain rate, temperature, twinning 
and brittle fracture has been investigated experimentally in 
simple tension. The rates of strain covered a 10,000-fold range, 
from 0.02 to 275 per second. For each strain rate a threshold 
temperature for the occurrence of twins (Neuman lamellae) in the 
microstructure and loss of ductility (transition temperature for 
brittle fracture) were determined. 

The results of this investigation could be fitted for the process 
of twinning by a reaction rate equation down to a critical tem- 
perature of approximately — 170° F. 
process of twinning appears to be insensitive to rate of deforma- 
tion. Above —170° F an activation energy of 4200 (+400) 
calories per mole has been determined. 

The process of brittle fracture was found to be practically 
insensitive to strain rate over the range employed: an increase 
of only 25° F in the brittle transition temperature was found for a 
10,000-fold increase in strain rate. 

The occurrence of a critical temperature for twinning could be 
derived from a criterion patterned after Bragg’s criterion for slip. 
Likewise a correct order of magnitude for the activation energy 
was obtained from the analysis of the twin-slip process. 

A better understanding of the process of fracture is necessary to 
interpret the present results in their relationship to previous 
work. 


At that temperature, the 


INTRODUCTION 


HE present investigation was instigated by the 

results obtained in one phase of a broad program on 

the effect of explosives on metals." 2 These results 

led to the conclusion that there must be some rela- 
tion between strain rate and the type of shock twinning 
observed in such body-centered structures as ferrite. 
It is the object of this research to find if such a relation 
does exist, and, if so, to attempt to determine this 
relationship quantitatively. 


Dr. D. Rosenthal is at the University of California, Los Angeles. C. C. 
Woolsey, Jr., at present is with the California Research and Development 
Co., Livermore, Calif 


Work partially sponsored by ONR and conducted at the Michelson's Labora- 
tory, NOTS, Inyokern. Paper scheduled for presentation at the Thirty- 
Third National Fall Meeting AWS to be held in Philadelphia, Pa., the week 
of Oct. 20, 1952. Closing date for discussion Dec. 15, 1952. 
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HISTORICAL 


The markings produced by shock in ferrite were 
discovered by Neumann in 1850, and still bear the 
name Neumann bands or Neumann lamellae. Many 
investigators have studied the structure and its mode 
of formation, and have in general come to the agree< 
ment that it is a twinned structure. For a while, there 
was considerable controversy over this fact. Two 


papers were published in England in 1925-28," © 


which presented almost equally convincing arguments 
for each side of the controversy. That full agreement 
has not been reached is evidenced by a discussion of 
Neumann lamellae last year by Tipper and Sullivan.® 
However, most other workers in the field seem to be in 
general agreement that the lamellae are a twinned 
structure. 

It is of interest to note that as early as 1919 a com- 
mittee for the Investigation of Neumann bands’ was 
appointed by the chairman of the Division of Engineer- 
ing of the National Research Council. An objective 
of this committee was to determine if a relationship 
existed between the speed of fracture and the observa- 
tion of Neumann bands in the microstructure. It was 
hoped to prove that this criteria might be used to dis- 
tinguish between a fracture in a metal structure caused 
by an explosion and one caused by ordinary mechanical 
strain. 

The first and only report found to come from this 
committee gave the results of a series of tests in which 
annealed mild steel disks 1.5-in. in diam and 0.25-in 
thick were placed in contact with explosives of various 
detonation rates, ranging from 5000 to 18,500 fps. 
Lower velocity tests were made by use of a falling 
weight at velocities of 28 and 39 fps. No Neumann 
bands were found at these low velocities. It was indi- 
cated that the abundance of lamellae increased with 
velocity from 5000 to 7500 fps, but above that velocity 
there was no appreciable change. It was further stated 
that there appeared to be no relation between the 
abundance of lamellae and the amount of plastic de- 
formation caused by the impact. 
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Effect of Composition 


Pfeil,’ in a review of twinning in iron, reported 
several instances in which the presence of 1% phos- 
phorus promoted the formation of Neumann lamellae 
in low-carbon steel deformed slowly at room tempera- 
ture. In one case, lamellae were produced by forging 
of such a steel at temperatures as high as 1200° F. 
The lamellae formed at room temperature were re- 
ported to be quite broad, compared to the Neumann 
bands normally found in iron which had been deformed 
by impact loading. 

Barrett, Ansel, and Mehl® reported on the effect of 
silicon in pure iron for slow torsional deformation. 
Pure iron samples deformed at —320° F showed twin- 
ning, while samples deformed at — 165° F did not. A 
5% silicon alloy showed twinning at —95° F but none 
at room temperature. Intermediate silicon contents 
gave proportionate results. 


Effect of Temperature 


As early as 1905, Hadfield’ observed Neumann 
lamellae in samples of pure Swedish iron broken in 
tension at the temperature of liquid air, —295° F. 

Recent work done at the National Bureau of Stand- 
ards with ingot iron indicates that for slow tensile 
deformation, twinning is found at temperatures 
below —184° F."' Twinning concentration was found 
to increase with lower temperatures down to —320° F, 
the lowest investigated. At these temperatures, twin- 
ning was found in this material in all structural condi- 
tions investigated; these included annealed, hot- 
rolled, normalized, quenched and tempered, and cold- 
drawn. In the cold-drawn condition, twinning was 
found only in the area adjacent to the fracture. In all 
other conditions, it was found throughout the entire 
gage length. Twinning was also formed in specimens 
deformed but not fractured, indicating that the twin- 
ning found was not associated with the fracture or with 
any shock waves resulting from the fracturing process. 

Numerous other references have been made to the 
effect of temperature on the formation of twins in 
ferrite, several of which are indicated as interrelated 
with the effect of composition (see preceding section). 
A possible explanation has been offered for the twinning 
at low deformation rates at low temperatures;? it is 
quoted directly: ‘Twinning doubtless occurs only when 
the shearing stress in a suitable direction on a twinning 
plane exceeds the critical value, a circumstance that 
may be prevented by prior plastic yielding of the crystal 
on slip planes. The tendency of many metals, in- 
cluding iron, to twin more profusely as the temperature 
is lowered is thus an indication that slip resistance 
is increasing more rapidly than the critical stress for 
twinning.” 


Effect of Prior Strain 


Pfeil’ found that as little as 0.28% deformation in a 


very low carbon steel prevented the formation of Neu- 
mann lamellae on subsequent impact loading. He 
found that this effect was independent of energies and 
loading velocities over the ranges investigated, 7 to 
147 in.-lb and 4.5 to 11 fps. He found that annealing 
after plastic deformation removed the effect and allowed 
production of lamellae. Annealing temperatures re- 
quired to remove the effect were found to increase with 
increasing deformation; for instance, for 1% deforma- 
tion, 10 min at 200° F would remove the effeet; for 5%, 
it required 10 min at 265° F; for 10% deformation 
a temperature of 320° F was required; and for 15% 
deformation, the required temperature rose to 1300° F. 
The foregoing were for polycrystalline material; for 
single crystal, the corresponding temperatures were 
somewhat lower. For longer annealing times, the 
effect could be removed at somewhat lower tempera- 
tures. 

Rosenhain and McMinn‘ obtained similar results; 
however, they found that the effect disappeared if the 
deformed material aged for a few days before being 
subsequently subjected to shock loading. When sub- 
jected to shock loading shortly after initial defor- 
mation, it was found that further deformation caused 
additional slip on the existing slip planes, developing 
few, if any, new slip planes. Slow deformation, starting 
with previously strained material, would develop many 
new slip planes with little additional slip occurring on 
the existing slip planes. 

This aging effect may explain the ability to obtain 
twinning in cold-drawn iron in the work at the National 
Bureau of Standards.'' It is possible that the different 
conditions involved (slow tensile deformation at low 
temperatures) may have an effect, but it would be of 
interest to know what kind of results might be had 
with freshly cold-drawn material. One effect noted 
in this work was that the twinning was concentrated 
near the fracture; for all other conditions of the ma- 
terial, twinning was found throughout the entire gage 
length. 


Effect of Prior Microstructure 


As mentioned previously, in the work at the National 
Bureau of Standards, twinning was found to occur in 
specimens deformed at low temperatures in all struc- 
tural conditions investigated; these included annealed, 
hot-rolled, normalized, quenched and tempered, and 
cold-drawn. In addition, Bruckner" found that twin- 
ning would occur in spheroidized Armco iron when de- 
formed under impact loading. Thus, it is suggested 
that for very low carbon (0.02%) steel, twins may be 
obtained regardless of the prior microstructure. 

On the other hand, Bruckner"? found that for strue- 
tural steels (0.20% carbon) in the spheroidized condi- 
tion, there was little or no evidence of twin formation. 
He postulates that the lack of twinning may be due to 
the presence of microcracks in the well distributed 
spheroidal carbides, and that these microcracks may 
afford sufficient opportunity for localized stress relief; 
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this stress relief might otherwise have been accom- 
plished by twinning of the ferrite. 

Bruckner" has also indicated an effect of the method 
of steelmaking on the occurrence of twinning. He 
found that for killed steels the twinning tendency was 
less than for rimmed or semikilled steels; for a given 
deformation temperature, twin frequency was much 
lower for the killed steels; also, the initial temperature 
at which twins appeared was lower for the killed steels. 
For the same materials, he also found that the brittle- 
fracture transition temperature was lower for the killed 
steels; he concluded that the lower twin nucleation 
temperature was the chief factor responsible for the 
lower transition temperature. In his later work,'? 
he used the same steels in the spheroidized condition 
and found the same relation between the transition 
temperature for the rimmed and killed steels, in spite 
of the fact that there was no twin formation. He then 
concluded that “the ferrite or ferrite boundary condi- 
tion resulting from the deoxidation practice thus 
appears to be the chief factor in establishing the transi- 
tion temperature.” 


Effect of Strain Rate 


Little reference was found on the effect of strain- 
rate on the formation of Neumann lamellae other than 
that impact loading would produce them and that 
slow deformation would not. Where quantitative 
figures for velocities were given, there were large gaps 
between the velocities that did produce them and those 
that did not; e.g., Foley and Howell’ found them at 
5000 fps but did not find them at 40 fps. The effect 
of composition and possibly that of magnitude of stress 
must enter the picture, as other investigators have 
obtained the lamellae under conditions indicating im- 
pact. velocities considerably lower than 40 fps* ° at 
ambient temperatures. Temperature, of course, has 
a marked effect on the velocities required to obtain 
twinning; for sufficiently low temperatures, twinning 
has been obtained for very low strain rates.°~"! 


Effect of Stress 


There has been no relation indicated between the 
stresses or energies involved in causing deformation and 
the formation of Neumann lamellae. In the few places 
that any ranges were mentioned, they were fairly 
narrow, and no effect upon the formation of or the con- 
centration of the lamellae was mentioned. 

Sauveur, in a discussion of the paper by Foley and 
Howell,’ stated that the localization of Neumann bands 
in the area adjacent to fracture is an indication of the 
violence of the impact that produced them; in other 
words, the more localized the Neumann bands, the 
more violent the shock. However, he did not differ- 
entiate stress magnitude from impact velocity in his 
use of the term violent. 
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Stability of Neumann Lamellae 


Where Neumann lamellae are produced with very 
little additional deformation, temperatures above the 
upper critical are necessary for the removal; it is neces- 
sary to carry the structure into the austenite region and 
reform the ferrite grains from the austenite in order to 
effect a recrystallization. On the other hand, when 
there are considerable quantities of other type de- 
formation, much lower temperatures would bring about 
complete recrystallization. Both Pfeil,’ and Carring- 
ton and Gaylor,’* report experiments supporting 
the above; also previous work by the junior author, 
with plates which have been subjected to explosive 
loading is in agreement with this finding. High veloc- 
ity impact was obtained by Carrington and Gaylor by 
firing of flat-ended projectiles at steel plates. De- 
formation microstructures of the projectiles were similar 
to those encountered in the previous work.’ The 
recovery temperature for the heavily distorted area was 
found to be 1200° F (it was 1150° F in the work cited*), 
In areas where only Neumann lamellae were observed, 
heating to 1400° F resulted in no change in the lamella® 
structure (the lamellae disappeared at 1600° F in the 
work cited’). In no case was there any evidence of 
growth of the lamellae on heating, such as occurs in the 
case of annealing twins in face-centered-cubic micros 
structures. Thus, it is indicated that the Neumani 
lamellae which are not greatly distorted by othe? 
type deformation are quite stable. 


Part Il. Present Experimental Work 


The present experimental work has been limited © 
mild steel in the fully annealed condition. Some of the 
preliminary tests were made with steel available in the 
shop. The bulk of the work, however, was done witha 
supply of AISI C1018 steel, obtained as a single heal, 
with the following analysis: 


Carbon, % 0.» 
Manganese, % 0.75 
Silicon, % Less than 0.02 
Sulfur, % 0.02 
Phosphorus, % 0.01 


This steel was annealed by holding at 1700° F for 2 hr 
and then furnace cooling at a rate of approximately 
50° F per hour. The resulting steel had an ASTM 
ferrite grain size of approximately 6. 

In attempt to determine the approximate velocity 
range, initial work consisted of breaking specimens 
by tensile impact at loading rates from 10 to 175 fps. 
These were broken by D. 8. Wood of the California 
Institute of Technology on the rotary type impact 
machine, at ambient temperature. Examination of 
the microstructure of these samples revealed that none 
of the expected regular Neumann bands were formed. 
There were found, however, similar structures which 
were considerably broader, with rather irregular bound- 
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Fig. 1 Microstructure showing twins typical of those in 
specimens broken by Wood. Nital a 500 X. (Re- 
duced 25% in reproduction) 


aries, and which had the same general habit of the 
Neumann lamellae; that is, they were long and rela- 
tively narrow and were contained wholly within a single 
ferrite grain, usually terminating at a ferrite grain 
boundary; an example of this type of twin is given in 
the photomicrograph of Fig. 1. In the microstructures 
resulting from explosive loading, both the usual Neu- 
mann bands and the structure with irregular bound- 
aries may be found.* Bruckner’? has suggested that 
such irregular twin boundaries may be caused by the 
presence of a substructure in the ferrite grain and that 
a twin progressing through such a grain would rep- 
resent a homogeneous deformation only within any one 
cell. ‘These twins were found in those specimens broken 
by Wood at velocities of 50 fps and higher; they were 
not found in samples broken at 10 and 20 fps. 

The program then turned to the use of lower tem- 
peratures to reduce the striking velocities required to 
produce twinning. The purpose was twofold: (1) to 
be able to use equipment available in the junior author’s 
laboratory,* and (2) to avoid the higher striking 
velocities, at which strain rates are far from uniform 
either with time or with position in the specimen 
(see discussion of work of von Karman and Duwez). 
Since it has been indicated that temperature has a 
marked effect on the strain-rates at which twinning 
occurs, it was proposed toinvestigate the relationship be- 
tween strain rate and the critical temperature at which 
twinning is produced. It was postulated that a re- 
action-rate type of equation might exist for the oecur- 
rence of twinning in an elastically strained lattice. 
The equation proposed for investigation was: 

‘RT (1) 
in which 7 is the absolute temperature of testing, R is 
the molal gas constant, A is the activation energy for 
the particular process under consideration, € is the 
strain rate at any given temperature 7’, and & is a 
constant of proportionality, It has been stated'*'* 
that a similar relationship exists for brittle fracture. 


. Michelson’s Laboratory, NOTS, Inyokern. 
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It was proposed, for the present program, to investigate 
eq. 1 for both the critical temperature for twinning and 
also that for brittle fracture. . Brittle fracture may be 
defined for present purposes as being fracture with 
essentially zero elongation or zero reduction in area. 


The strain rates used in this program were 0.001, 
0.01, | and 11 fps. The highest velocity was obtained 
with a Sonntag Type SI-1 Universal Impact Machine. 
This is a pendulum type machine, having a capacity 
of 50 ft-lb when set to give an 11-fps striking velocity. 
The loss in velocity during the fracturing of a specimen 
was calculated on the same basis as is calculated the 
energy absorbed; that is, on the basis of the rise of the 
pendulum after fracture. This calculation indicated a 
maximum loss in velocity of 2 fps in the vicinity of the 
critical temperature for twinning. For brittle fracture 
there was essentially no loss in velocity. 


The lowest velocity, 0.001 fps, was obtained with a 
Baldwin-Southwark Universal Testing Machine, 
equipped with a ram pacer. The latter may be used 
to measure the speed of motion between the ram and the 
stationary head of the machine or it may be used to 
control that rate of motion. It was used for the latter 
purpose for the present experimental work. Speeds 
indicated by the ram pacer were checked by direct 
measurement of the motion, using a dial indicator 
and a stop watch. These were found to check the 
settings within 1%. Tests were set up so that the heads 
could move slightly before putting any load on the 
specimen; thus the speed of motion could be set before 
there was any straining of the specimen. The load 
capacity of the testing machine was such that there 
was no loss in straining velocity noted at any stage of 
the tests. 

During tests at the low strain rates, stress-time curves 
were drawn on the Southwark-Templin Stress-Strain 
Recorder attached to the testing machine. Knowing 
the strain rate, these stress-time curves could be trans- 
formed into stress-strain curves of the usual type. 
In making such a transformation, it was assumed that 
all straining occurred in the reduced section of the 
specimen; this is known to be incorrect but it is believed 
that not more than 10% of the total strain occurred 
outside this length. 

The intermediate strain rates, | and 0.1 fps, were 
obtained with the aid of a large planer, available in the 
local shop. A special fixture for holding the specimen 
was secured to the bed of the planer. A second fixture 
was held in the tool post of the planer; this fixture was 
designed to give the same striking anvil as available 
for tension impact tests on the Sonntag Impact Ma- 
chine. A sketch of the arrangement is given in Fig. 2. 
The tup, threaded on one end of the specimen, is struck 
by the two buttons protruding from the anvil, as the 
planner bed moves forward. The centerline between 
these two buttons is very carefully aligned, both ver- 
tically and horizontally, to coincide with the centerline 
of the specimen; thus the specimen is subjected to 
uniaxial tension on contact of the tup with the anvil. 
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ANVIL~SUPPORTED IN TOOL POST 
OF PLANER 


STRIKING EDGE TuP 
SPECIMEN 
SPECIMEN &—SECURED TO PLANER BED 
Fig. 2 Sketch of setup for breaking specimens at 0.1 and 
I fps 


The striking edge of the anvil is carefully aligned vertically with 
the centerline of the specimen and so that the tup is struck squarely 


The desired strain rates were obtained by adjusting 
the speed of the d-c motor driving the planer bed. 
Numerous measurements of the bed speed indicated 
that for any given motor-speed setting, the bed speed 
was as consistent as could be measured with a stop 
watch. All checks were within 2% of the average. 
While no direct measurements were made of the loss 
in velocity upon striking of the specimen, it is believed 
that this would be negligible; the 20 ft-lb breaking 
energy required would be negligible as compared to the 
energy available in the 8-ton bed moving at a fair 
velocity when contacting the specimen. Tests were 
started with the two fixtures in the approximate posi- 
tion shown in Fig. 2; thus the planer bed had moved 
about 8 in. before contact and was moving at the de- 
sired velocity with a very large momentum. 

The test specimens were machined from the annealed 
steel previously described, in accordance with the sketch 
given in Fig. 3. One side of the specimen was ground 
to a flat, as indicated in Fig. 3, so that it could be given 
a metallographic polish prior to breaking. The re- 
duced section was placed nearer to the tup end to 
increase the heat-transfer path to the heavier fixtures 
and thus help in maintaining a uniform temperature in 
the reduced section. An iron-constantan thermo- 
couple of 30-gage wire was spot welded to the specimen 
on the radius of the shoulder (see Fig. 3). Since the 
grinding of the flat removed almost half the threads, 
there was some concern regarding the effect of this 
unsymmetrical support in the holding fixtures on the 
type of loading obtained; therefore, in setting up a 
specimen for test, pieces of half-round were wedged 
between the flat side of the specimen and the female 
threads of the holding fixtures. 

A small cup was made which would enclose the speci- 
men and yet clear the striking anvils. When the speci- 
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Fig. 3 Sketch of test specimen 
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men was set up ready for breaking, liquid nitrogen was 
fed into this cup (the tup was also cooled with liquid 
nitrogen) until the specimen temperature registered 
somewhat lower than that required for the particular 
test. The flow of nitrogen was stopped, the specimen 
was allowed to approach the test temperature and 
movement of the loading device was started. Test 
temperature was taken as that temperature read at the 
moment contact was made with the anvil; that is, the 
moment that straining of the specimen began. The 
minimum temperature obtained was — 290° F. 

Temperature measurements were made with a Leeds 
and Northrup Model 8662 Portable Potentiometer, 
capable of reading to within less than 1° F. The in- 
crease in temperature after cooling of the specimen was 
rather slow, about 10-15° F per minute. This should 
indicate that a fairly uniform temperature existed in 
the reduced section of the specimen when straining 
commenced, 

Elongation and reduction in area were measured 
for all specimens. To avoid marking the reduced sec 
tion, the elongation measurements were made on the 
shoulders of the specimen. Thus, a total elongation 
over a 2-in. length was measured; this 2-in. length 
included all of the reduced section, the radii of thé 
shoulders and about 1 in. of the shoulders. In reducing 
the measured elongation to a percentage figure, it wag 
assumed that all elongation took place within the 0.150¢ 
in. diam reduced section; this is known to be incorrect 
as there is some plastic flow in the radii portions 
However, for comparison purposes among the tests 
made in this program, no significant error should result; 
The elongation was measured in punch marks placed 
with a standard gage punch and measured before test, 
After the test, the two halves of the specimen weré 
carefully held together and the distance between punch 
marks was again carefully measured with dividers and @ 
scale divided in hundredths of an inch. These measures 
ments were reproducible to within one one-hundredth of 
an inch. Reduction in area measurements were madé 
with micrometers, to the nearest 0.001 in. All speci# 
mens were measured before and after fracture, both 
the specified 0.150-in. diam and the 0.140 in. to the flat 
(see Fig. 3). 

For specimens broken on the Sonntag Impact Ma- 
chine, absorbed energies were recorded directly as given 
on the scale of the machine. For those broken on the 
Baldwin-Southwark Testing Machine, energies were 
estimated from the stress-strain diagrams obtained 
during the test, in the manner described earlier. No 
energy measurements were made in the tests using the 
shop planer. 

Prior to testing, the flat surface of the specimens 
were given a metallographic polish and etch. After 
fracture, these surfaces were examined under the micro- 
scope to determine the relationship between slip lines 
and twins. After an initial examination, some speci- 
mens were given an additional etch to assure that the 
complete structure had been revealed. 


Rosenthal, Woolsey, Jr.—Strain Rate Effects 479-8 


= 


Fig. 4 Photomicrograph of surface which had been pre- 
polished, then fractured at 0.001 fps at 75° F, area not in 
necked portion. Nitaletch. 500 xX. (Reduced 25%) 


After examination of the prepolished surfaces, the 
specimens were sectioned longitudinally, polished and 
etched, and examined for evidence of twinning. In 
each case, a survey was made of the complete reduced 
section, from the fracture out into the enlarged ends. 
It is not probable that such a section through the 
specimens would be free from twins unless the whole 
specimen were free from twins; this, at least, is the 
premise upon which it is stated for any given specimen 
that there were no twins. 


RESULTS OF EXPERIMENTAL WORK 


A, Metallographic Examination 


Examination of the prepolished surfaces of the 
various specimens revealed twins only in those broken 
at the very low temperatures, those below the fracture 
transition temperature; and even in these the twins 
were very few in number. No twins were found on the 
surfaces of those broken at higher temperatures, even 
though subsequent sectioning revealed reasonable 
numbers of twins in the same specimen. Typical ex- 
amples of the strained surfaces are given in Figs. 4 and 5, 
the first having been strained at ambient temperature 
and the second at —280° F, both at the lowest rate 
of straining (0.001 fps). In the latter may be seen both 
slip lines and twins; the twins are in the grain at the 
upper edge of the photomicrograph, just to the left 
of center. The twins appear darkened by the etch. 
Slip lines appear in most of the other grains; these are 
the fine, wandering lines. The rather straight, parallel 
lines, oriented from lower right to upper left, are 
seratches remaining from the mechanical polishing 
of the specimen ; these should be disregarded in examin- 
ing the structure. No slip lines were found in speci- 
mens broken at that low a temperature at the higher 
velocities. These observations correspond well with 
the elongation measurements; at the minimum tem- 
peratures reached (—270 to —280° F), no measurable 
elongation was found for specimens broken at velocities 


Fig. 5 Photomicrograph of surface which had been pre- 
polished, then fractured at 0.001 fps at —280° F. Nitaletch. 
500 X. (Reduced 25%) 


of 0.1 fps and higher, while 2 to 3° elongation was 
found in those broken at the lower velocity. 

The area of Fig. 4 is typical of specimens broken at 
temperatures above the fracture transition tempera- 
ture. Only slip lines may be seen, and these are present 
in nearly every grain. As in Fig. 5, there are some 
polishing scratches remaining; all prepolishing was 
done by mechanical means and because of the shape 
of the specimen, it was difficult to obtain excellent 
final polishes. These prepolished surfaces were rather 
badly distorted by the deformation ; the lack of sharpness 
around the edges of Fig. 4 indicates the distortion ob- 
tained in areas far removed from the necked portion 
of the specimen. In the, necked portion, distortion 
was so severe that it was not possible to get one com- 
plete grain in sharp focus. 

It will be noticed in Fig. 5 that slip lines and twins 
are not found in the same ferrite grain. This was found 
to be true for all specimens examined; that is, slip 
lines and twins were not found to exist together in a 
single ferrite grain. 

Examination of the sections subsequently cut from 
these specimens revealed several features: 

1. Both types of twins, the narrow ones with 
straight, parallel boundaries and the broad ones with 
irregular boundaries, were found to exist in the series 
of specimens examined. 

2. Only the narrow twins were found to exist in 
specimens broken at temperatures below the fracture 
transition temperature at velocities of 0.1 fps and 
higher. At the lowest temperatures the twins were 
found to be concentrated near the fracture. The 
photomicrographs of Fig. 6 and 7 are of areas very 
close to the fracture; the very narrow, straight struc- 
tures are the twins under discussion. In one such 
specimen, fracture occurred at one end of the reduced 
section. Concentrations of twins of this type were 
found adjacent to the fracture and also in a narrow 
band at the other end of the reduced section, indicating 
that the twin concentrations occur at points of stress 
concentration even though there is no fracture. 


480-s Rosenthal, Woolsey, Jr.—Strain Rate Effects Researcu SuPPLEMENT 


| 
i 
» 
| 


Fig. 6 Photomicrograph of section from specimen frac- 
tured at Il fps at —270° F. Nitaletch. 500 <. (Reduced 
25%) 


Fig. 7 Photomicrograph of section from specimen frac- 
tured at 0.1 fps at —270° F. Nitaletch. 500 X. (Reduced 
25%) 


3. Both types of twins were found in specimens 
broken at the lowest temperature (—275° F) at 0.001 
fps (see Fig. 8). 

4. Both types of twins were found in all specimens 
broken at intermediate temperatures, with the narrow 
ones disappearing at the higher temperatures, leaving 
only the broad, irregular type in specimens broken just 
below the critical temperature for twinning. The 
specimens represented by Figs. 9 through 12 were 
those showing twinning at the highest temperature, for 
each of the four velocities investigated. In each case, 
specimens broken at the next highest temperature 
showed no twins. The areas shown are not typical 
of the specimen as a whole. The number of areas show- 
ing twins was small; however, an area which did show 
twins usually contained several, often all in the same 
grain. 

5. Except for the lowest temperatures, where twin- 
ning was concentrated near the fracture, there seemed 
to be a slight over-all decrease in numbers of twins 
as the temperature was increased, up to a point near 
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Fig. 8 Photomicrograph of section from specimen frac- 
tured at 0.001 fps at —275° F. Nitaletch. 500 X. (Re- 
duced 25%) 


the critical temperature, where the frequency of twin- 
ning dropped rapidly. Results of the microscopic 
examination to establish the twinning threshold tem4 
peratures are given in Table 1. 

All specimens for the photomicrographs of Figs. @ 
through .12 were polished electrolytically; thus there 
are no polishing scratches to be confused with trué 
structures. All photomicrographs of specimens used 
in the present program have been so oriented that thé 


Table 1—Metallographic Observations of Twinning (Secs 
tioned and Polished After Fracture) 


Test 
Strain-rate, temperature, 
ft/sec Observation 
11.0 +78 No twins 
+75 No twins 
+60 No twins 
+50 Very few twins (Fig. 9 
+32 Few twins 
+5 Few twins 
—55 Few twins 
— 100 More twins than at —55 
— 140 More twins than at — 100 
— 200 Many twins 
—270 Few twins concentrated 
fracture, none with irregula® 
boundaries (Fig. 6 
1.0 0 No twins 
—30 No twins 
—63 Very few twins (Fig. 10 
— 106 Few twins 
0.1 +75 No twins 
+31 No twins 
—54 No twins 
—110 No twins 
—118 No twins 
—140 No twins 
—143 No twins 
— 155 Few twins (Fig. 11 
—157 Few twins 
—210 More twins 
—270 Twins concentrated near frac- 
ture (Fig. 7) 
0.001 +75 No twins 
—8O No twins 
—116 No twins 
— 135 No twins 
— 152 No twins 
— 182 Very few twins (Fig. 12) 
—195 Very few twins 
— 220 Very few twins 
—275 Many twins, scattered through- 
out gage length (Fig. 8) 
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Fig. 9 Photomicrograph of section from specimen frac- 
tured at Il fps at 50° F. Nital etch. 500 X. (Reduced 


Fig. 10 Photomicrograph of section from specimen 
fractured at 1 fps at —63° F. 500 X. (Reduced 
25%) 


direction of the principal tensile stress would lie hori- 
zontal and in the plane of the paper. 

A limited investigation was included in this program 
in an effort to identify as twins the microstructures 
obtained. This was prompted by the apparent lack 
of complete acceptance of Neumann bands as twins 
(see reference 6). Two modes of attacking this prob- 
lem were used: (1) the use of etch pits, and (2) the 
superposition of slip lines on a surface containing 
twins. In the first case, the polished and etched surface 
containing twins was subjected to an additional 
etching in a cupric-ammonium-chloride solution. The 
action of this solution is to etch along crystallographic 
planes to reveal the orientation of these crystallographic 
planes. The photomicrograph of Fig. 13 illustrates 
the results obtained. The bands running diagonally 
across the field are twins; the square structures are 
the etch pits. In the central twin, one may see the 
two large etch pits filling the complete width of the 
twin, and several smaller ones. The plane of polishing 


for this particular grain is very nearly that of the cube . 


face, the (100) plane. Reference to Fig. 19 in Part II 
will indicate that the twinning plane may cut the cube 
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fractured at 0.1 fps at —155° F. 


Fig. 11 Photomicrograph of section from™ specimen 
Nital etch. 500 X. (Re- 
duced 25%) 


Fig. 12 Photomicrograph of section from specimen 


fractured at 0.001 fps at —182° F. Nital etch. 500 x. 
(R 


educed 25%) 


Fig. 13 Photomicrograph of section given special etch to 

show crystallographic orientation. Note the pits inside 

the twin are mirror images of those outside. Nital etch, 

then 59% cupric ammonium ch'oride. 1500 X. (Reduced 
25%) 


face parallel to a face diagonal or at an angle of 26°34’ 
with a cube edge. In this grain the twinning plane 
has cut the structure parallel to the cube face diagonal. 
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Fig. 14 Photomicrograph of section first polished and 


etched, then strained by twisting specimen. Note orien- 
tation of strain lines produced. Nital etch. 1500 X 


As the plane of polishing is not quite the (100) plane, 
the side of the twin is not quite parallel to the cube 
diagonal and the differences in orientation of the struc- 
tures inside and outside the twin can be seen. By 
carefully comparing the orientations of the pits inside 
the twin with those outside, one can see that they are 
mirror images and thus satisfy the twin relationship. 

For the second method of attack, a polished and 
etched surface containing twins was further strained 
by twisting the bar slightly. A resulting structure 
is shown in Fig. 14. Again, the twin lies diagonally 
in the field; slip lines which resulted from the defor- 
mation run perpendicular to the twin in the ferrite 
outside the twin, while inside the twin they make an 
angle of approximately 45° F with the edges of the twin. 
While this difference in orientation of the slip lines does 
not prove that the structure is a twinned one, it does 
indicate that the crystallographic orientation is differ- 
ent inside the structure; with proper orientation of the 
direction of stress application and of the crystallo- 
graphic planes inside and outside the twin, such a 
pattern of slip lines as seen in Fig. 14 could be pro- 
duced. 
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Fig. 17 Curves relating energy absorbed, elongation and 
reduction of area with temperature for impact velocity of 
0.001 fps 


B. Tensile Tests 


Results of energy absorption, elongation, and re- 
duction in area measurements are given in Figs. 15, 16, 
and 17 for straining velocities of 11, 0.1, and 0.001 fps, 
respectively. Only a few 
1-fps velocity, and these were made in the temperature 


tests were made at the 


range expected to reveal the transition from twinning 
to absence of twinning. Since no fracture transition 
was obtained, the data for this velocity have not been 
shown. As previously stated, no energy measurements 
were made on the planers; therefore the energy curve 
is absent from Fig. 16. It will be noted in all cases that 
the transition from ductile to brittle fracture is quite 
abrupt and is well shown by any of the three parameters 
measured. The most sensitive of the three is the re- 
duction in area, which shows a drop from nearly 50% 
down to zero for each of the three velocities. 

The above results, both for the threshold tempera- 
ture for twinning and the temperature for brittle 
fracture, are given in Fig. 18, with the impact velocities 


Strain Rate Effects 483-8 


2 
— 


TEMPERATURE, °F 
-100 
+ 


+ 


BRITTLE 
FRACTURE 


TWINNING 


DUCTILE 
FRACTURE 


PER SECOND 


MPACT VELOCITY, FEET PER SECOND 
STHAIN RATE, 


| 
| | 
> 
-003 


Fig. 18 Curves relating strain rate with threshold tem- 
perature for twinning and with transition temperature 
Sor brittle fracture 
The solid dots indicate the highest temperatures at which twins 
were found or at which brittle Tastuse occurred; the open circles 
a the lowest temperatures observed on the other side of the 

critical one 


on a logarithmic seale plotted against the reciprocal 
of the absolute temperature of testing. It will be noted 
that the curve for brittle fracture is very nearly ver- 
tical, indicating that the process of brittle fracture is 
probably not sensitive to the rates of straining em- 
ployed. On the other hand, for the twinning thres- 
hold temperature, there seems to be a reasonable cor- 
respondence with eq. 1 down to a temperature of ap- 
proximately —170° F; at that temperature, the proc- 
ess of twinning appears to be insensitive to strain rate. 


DISCUSSION 
An activation energy has been calculated for the 
process of twinning in the following manner. For any 
condition é, and 7, eq. 1 becomes 
ége~ 
= RT: 
ete. Dividing one by the other and taking the loga- 


rithm, we obtain 
Afl 1 
R(7,- 


Selecting &, é, T; and T, from Fig. 22, with R = 1.104 


calories per ° F per mole, we have 


A 
<~ to (0.00196 — 0.00318) = 4.605 


= 4200 calories per mole 


Considering the possible sources of error and their 
probable magnitudes, it is estimated that this value is 
within 10% of the true value of the activation energy 
for twinning. 

Grossman and others ™ " give curves similar to 
Fig. 18 for brittle fracture, which curves indicate that 
an activation energy exists for brittle fracture and that 
it is more nearly the magnitude found for twinning in 
the present work. Their work, however, was done 
with notched bars and plates in bending whereus 
the present work was done with unnotched bars in 
simple tension; it is possible that this could account 
for the differences observed. 

An additional series of tests was performed to check 
the possibility that the unsymmetrical test specimens 
may have contributed to the apparent insensitivity 
of the brittle-fracture transition temperature to strain- 
ing rate, even though others had indicated such a 
sensitivity. Specimens for these tests were of the 
same dimensions as given in Fig. 3, except that they 
were left completely round. Only the two extremes of 
strain rate (0.001 and 11 fps) were examined. These 
confirmed the previous finding; the transition tempera- 
ture for brittle fracture was increased by only 25° F 
in going from loading rates of 0.001 fps up to 11 fps. 

The effect of increased temperature due to energy 
absorbed in deformation at impact was questioned. 
Attempts made to measure this temperature rise re- 
sulted in a maximum measured increase of 30° F. The 
thermocouple in this case was approximately '/s in. 
from the point of fracture; the temperature rise at the 
point of fracture was somewhat higher than that indi- 
cated by the thermocouple; in fact, the maximum tem- 
perature of the thermocouple was recorded a second or 
two after fracture had been completed. As would be 
expected, no temperature rise was found for those 
specimens breaking with no measurable deformation. 
Since the total time involved in the straining process 
was very short (0.1 see for those strained at 0.1 fps), 
temperature increases of any concern would probably 
have to be those caused by conditions at the local 
point under question. Since twins were found at 
distances quite far from the highest energy absorbing 
areas (the areas of necking), any effect of temperature 
must have been due solely to heat generated by de- 
formation in immediate vicinity of the twins. Since 
this same consideration would be true for all strain 
rates, with the possible exception of the lowest, the 
slope of the curve in Fig. 18 would not be changed 
appreciably regardless of the magnitude of the tempera- 
ture rise, within reasonable limits. However, consider- 
ing that all energy absorbed is transformed into heat and 
considering that most of this heat would be concen- 
trated in the location of severe deformation (necked 
portion), it is estimated that the twinning threshold 
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temperature is not affected by more than 10° F. The 
brittle transition temperature should not have been 
affected at all. 

The usefulness of higher striking velocities may be 
questioned in view of the work of von Kraman and 
Duwez.” They give both theoretical and experi- 
mental evidence that above certain fairly low velocities, 
the strain propagation in a solid is far from uniform. 
Because of the propagation of the plastic wave through 
the specimen, each incremental length may be sub- 
jected to a variable strain rate ranging from zero to 
infinity. Thus, the term, strain rate, in specimens 
strained under these conditions, has no meaning. It is 
estimated from the work of von Karman and Duwez 
that the velocity above which this effect begins to 
appear for annealed mild steel is approximately 10 fps. 
That the straining is fairly uniform at 11 fps may be 
seen by examining the surfaces of the prepolished 
bars, after breaking them. The reduced section of 
these specimens showed a rather uniformly strained 
surface, except in the area of necking. At the time 
of necking, the localized strain rates are changed. 
However, since twinning was found throughout the 
gage length outside the necked area, and since twinning 
was found in specimens which did not neck, it is be- 
lieved that the twins had been formed prior to the 
necking process, at the uniform strain rate. 

The above, coupled with the methods used for frac- 
turing the specimens, permits the free interchange 
of the terms, strain rate and impact or striking velocity, 
for the present work. Only in the case of the Sonntag 
Impact Machine was there any decrease in velocity 
during deformation, and in this case, the maximum 
reduction in velocity was less than 20%; it is believed 
that the twinning had been accomplished before half 
of this reduction in velocity had occurred. The ordin- 
ate for Fig. 18 may be given in strain rate, units per 
unit per second, as well as in impact velocity. ; 


CONCLUSIONS FROM EXPERIMENTAL WORK 


An investigation has been conducted on the effect 
of strain rate and temperature on the production of 
twins in the microstructure and of brittle fractures, in a 
low-carbon steel. 

Results of this investigation indicate that the occur- 
rence of twinning is dependent both upon the tempera- 
ture and rate of deformation; that the threshold tem- 
perature and strain rate may be related by a reaction- 
rate equation: in which A, the activation energy, may 
be considered to be that energy necessary for the aver- 
age atom to overcome the energy barrier between twin- 
ned and slipped positions under the same stress. 
Equation 1 was found to correlate with data obtained 
down to a temperature of approximately —170° F. 
At that temperature, the process of twinning appeared 
to be insensitive to strain rates; that is, twinning oc- 
curred regardless of the rate of deformation. 

Results also indicate that the process of brittle frac- 
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ture is not a rate-sensitive one in the range of velocities 
investigated. The brittle-fracture transition tempera- 
ture was only slightly affected by a 10,000-fold change 
in strain rate; an increase of approximately 25° F was 
noted for such an increase in strain rate. 

An activation energy was computed for the process 
of twinning, from the results obtained. It was found 
to be 4200 calories per mole, with an estimated un- 
certainty factor of +400 calories per mole. 

An attempt to interpret these results from the theo- 
retical point of view has been made in Part IT. 


Part II. Theory 


Two conclusions have been drawn from the experi- 
mental results, one in regard to brittle failure, the other 
in regard to twinning. Within the experimental limits 
the temperature for brittle failure in simple tension 
has been shown to be practically insensitive to the rate 
of straining. On the other hand, the temperature 
for the occurrence of twinning has been found to be 
strain rate sensitive only above —170° F. The exist- 
ence of a very high activation energy barrier or a total 
lack of such a barrier could equally well account for 
the results of the low-temperature brittleness. The 
high-activation energy barrier would seem to be better 
supported by the occurrence of brittle fractures under 
explosive loads at room temperature.' But the mech- 
anism of fracture in metals is still too little under 
stood to warrant a more detailed analysis of the present 
data. The mechanism of twinning is far better known. 
Therefore, it appears fruitful to se@k in this mechanism 
at least a partial explanation of the experimental results, 


MECHANISM OF DEFORMATION 


Many investigators have confirmed that the twinning 
plane for iron is the (112) plane. It is generally con- 
sidered that all atoms within the twinned structure 
have moved in a shear block movement. The distancé 
moved by a particular layer of atoms is proportional 
to its distance from the twinning plane. These move- 
ments may be explained more easily with the use of 
Figs. 19 and 20, sketched from discussions given by 
Barrett.'* '© These involve only the layers of atoms 
close to one twinning plane. It can be visualized that 
this shear displacement carries across to the other 
twinning plane, resulting in a considerable shift between 
the untwinned structures on either side of the twin, 
and depending on the width of the twin. 

Twinning is defined as the formation of a crystallo- 
graphic lattice which is a mirror image, across the twin- 
ning plane, of the original structure. Thus, the atoms 
in the twin must be opposite to and at the same distance 
from fhe twinning plane as an atom in the original 
structure. A careful study of Figs. 19 and 20 will 
show that the movements of atoms below the twinning 
plane to the new positions indicated will place them in 
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Fig. 19 Sketch of body-centered cubic crystal structure 

showing twinning plane and movement of atoms below 

the twinning plane; C, moves to C’, o ite B,, B's op- 
posite C,, C’, opposite B,, and so on 


such a location; C’; is opposite B,, B’, is opposite 
C,, C’; is opposite B;, and so on. It should be noted 
that in the (110) plane just in front of the one shown 
in Fig. 20, atom Cs moves to a location opposite atom 
Cs; it should not be considered a general rule that in 
the twinning process the atoms change from corner 
to body-centered or vice versa, as might be concluded 
from an examination of the situation on the one (110) 
plane only. 

A homogeneous twinning shear of 0.707 is shared 
by every atom of the twin. The atoms adjacent to the 
twinning plane are separated by a distance of 0.816a,* 
which is 5.8% closer than the normal closest approach 
distance, 0.866a, for the body-centered cubic crystal. 
This causes some distortion of the atomic configuration 
and results in a strained condition at the twinning plane. 
It has been suggested that the twinning planes are 
determined by this factor; that they are the planes 
which give the least distortion in that area. Bruck- 
ner? has confirmed with microhardness tests that the 
only strained areas are those at the twin interface; 
he found that the area within the twin appeared to 
have the same hardness as the surrounding ferrite. 

A recent paper has suggested a new possibility for the 
mechanism of twinning, which involves very little 
over-all displacement.” It is pointed out that the 
atom sites for every third layer in a twinned body- 
centered cubic structure coincide with sites occupied 
by atoms in the structure prior to twinning. It is 
suggested that these “‘coincident” atoms are the actual 
ones present in the untwinned lattice and that the inter- 
mediate layers of atoms move into the twinned position 
by a double shear process or by a localized rotational 
process. That such coincidence is a fact can be seen 
reailily in Fig. 20. Atom C, is opposite atom C, in the 
untwinned structure. In the twinned structure, an atom 
must occupy that same site, either by Cy, not moving 
or by a new one moving into its place. 
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Such a mechanism would preclude any appreciable 
movement of the original structure on one side of the 
twin band relative to that on the other side and would 
minimize the interaction energy at the boundary 
between twinned and nontwinned grains in _poly- 
erystalline materials. This fact should present a 
means of verifying the hypothesis experimentally 
Although much work is reported which indicates that 
such movement does exist, it was not possible to find 
any in which it was definitely stated that the twinning 
Was superimposed on an existing structure. For de- 
formation subsequent to twinning, it would be expected 
that slip lines would follow the crystallographic planes 
through the twin to give such an indication of move- 
ment. It would be necessary to mark a structure by 
some means and then cause twinning, to determine this 


point. 


DYNAMICS OF TWINNING 


Whether the mechanism of twinning involves a large 
or a very small over-all displacement the end result 
is a twin crystallite of finite thickness. Barrett" 
offered a possible explanation for this result. He 
pointed out that the lattice distortion at the twin inter- 
face is likely to be smaller when several successive 
layers move in the twin position instead of only one 
layer of atoms shifting to this position. This point 
is readily recognized in Fig. 19. Suppose atom B, 
of the first layer moves in the twin position B’, while 
the atoms Cs and C; of the second layer remain at their 
untwinned position. As a result of its move, atom 
B, finds itself in the centroid B’, of the equilateral 
triangle C.C;C;. The distance B’xC, has been shown 
previously to be 5.8% shorter than the closest approach 
between atoms in the original structure. Since 


Fig. 20 Sketch of the (110) plane, perpendicular to the 
(112) twinning plane, which contains the atoms moved to 
the twin positions in Fig. 19 

The atoms shown solid are in the next (110) plane in front of the one 


being considered; only the corner atoms in this plane are shown in 
either Figs. 19 or 20 


* Where A is the lattice parameter 
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B'.C, = B'.Cy = B.C; the shift of one single layer to 
the twin position puts each atom of this layer at an 
abnormally short distance to all three neighbors 
C2, Cs and C;. From Fig. 20 it is obvious that this 
situation is limited to only one neighbor if several 
successive layers shift to the twin position. The 
adjustment of the boundary atoms to the latter case 
will therefore require less surface energy and is more 
likely to oceur. 

The next point of interest is to find out how many 
successive layers of atoms will move to the twin posi- 
tion; in other words, how thick is the twin? The 
answer to this question requires the knowledge of the 
energies involved in the formation of a twin. As 
shown in the Appendix the mechanism of twinning 
can be treated in an elementary way as a problem of 
elastic stability. This treatment is patterned after 
a similar treatment proposed by Bragg for the mecha- 
nism of slip.*! The main assumption of Bragg’s theory 
is that the elastic strain energy stored by the applied 
load does not change as a result of slip. If this assump- 
tion is extended to twinning, it follows that the surface 
energy required at the twinning plane must be supplied 
by the decrease of other forms of energy within the 
grain. 
be lines of atomic misfits or dislocations. 


Natural sources for such an energy appear to 
Likewise, 
planes containing dislocations appear to be a logical 
choice for a twinning plane. On this understanding, 
the minimum thickness of a twin appears to be given 
by the distance of two successive planes of misfits, 
i.e., by the size of the mosaic block.* ** 

If ¢ represents the minimum thickness of the twin 
(= size of the mosaic block) and L the size of the grain 
within which the twin is formed, the critical shear 
stress for twinning 7, can be written as follows according 
to the Appendix, 


2t 
tT; = Gy 4 (2) 


G is the shear modulus of elasticity and y, is the amount 
of shear involved in the twin process. 

Based on the same assumption the formula for the 
critical shear stress for slip, 7, on the same gliding 
system reads according to Bragg?! 


2t 


=G (3) 
where X, is the unit translation involved in slip. Com- 
parison between expressions 2 and 3 shows that for the 
occurrence of twinning 


T: (4) 


or 
Lx," 
t< 


* A more detailed theory of slip developed later by Bragg** would not seem 
to invalidate this conclusion, even though the dynamics of twin would have 
to be reconsidered 


t In the more detailed Bragg’s theory rs is increased by a factor of ten. A 
factor of a similar magnitude is to be expected if the criterion for twin is to 
be modified accordingly. Thus, the order of magnitude of f is still given cor- 


rectly by formula 5. 
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THE CRITICAL TEMPERATURE’ FOR 
TWINNING 


From previous discussion it is apparent that the 
plastic deformation will proceed by twin rather than 
slip, if the size of the mosaic block falls below the value 
given by the right side of expression 5. One of the 
governing factors for this occurrence is the temperature 
at which the metal is deformed. This conclusion 
It has been 
shown” that the critical shear stress for slip in single 


follows from the studies of single crystals. 


crystals increases as the temperature is lowered. The 
relationship is sufficiently well represented by the form- 
ula 


=~A-—ByT (6) 


where A and B are constant for a given material, and 7 
is the absolute temperature.” If formula 6 is combined 
with 3 and 5 there follows 

A- BVT (7) 

Expression 7 shows that there is a critical temperature 
T below which the stress required for slip is larger than 
the stress required for twin on the particular glide 
system. Therefore, twinning will take precedencé 
over slip below this temperature. * 

Polycrystalline metals also yield for a given percens 
tage of deformation, say 0.2%, at stresses which in¢ 
crease as the temperature is lowered. ” The des 
pendence on temperature appears to be somewhat 
greater than is indicated by formula 7. However, 
results of tensile tests performed by McAdam, et al.* 
between —180° C and room temperature on annealed 
0.12% C steel can be fitted into formula 7 within + 500€ 
psi. The value of stress is that determined at thé 
onset of yielding. Using the octahedral shear stress ag 
the criterion of yielding in polycrystalline metals with 
random grain orientation” one obtains the following 
formula for the above results between room tems 
perature and — 188° C. 


3 


— > = 80,000 — 3900 V7 psi. (8) 
T is here the absolute temperature in ° K. 
Substitution of 8 in 7 yields after replacement of G, 

7, and +, by their values, 11.5 X 10° psi, 0.707, and 

2.5 X 10-* em., respectively, 


1 
VL 102 4.86 V7 (9) 


Formula 9 gives the relation between the critical tem- 
perature of twinning, 7, and the grain size, L. This 
relationship is represented in Fig. 21 by the first curve 
to the left. The other curves in this figure have been 
derived from the modified Bragg’s formula”? in which 
the right hand side of (3) is multiplied by a constant k 

* Attention is called to the fact that on other glide systems on which slip 


alone is possible, no such criterion can be formulated. This is plainly seen 
in Fig. 5 in which slip lines are noticeable even at YF 
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n1o73 


GRAIN SIZE, cm. 


Fig. 21 Relation between the critical temperature for 
twinning and grain size for various degrees of grain boun- 
ry restraint 


greater than one. According to Bragg, the value of 
k = 1 corresponds to a totally unrestrained slip. 
On the other hand, if slip is totally restrained at the 
boundary the value of k& is increased tenfold. The 
true state of affairs is probably somewhere in between. 
Figure 21 shows indeed that the critical temperature 
of twinning, viz. — 170° F (+161° K) obtained in our 
experimental work, is in correct relationship to the grain 
size of our specimens (5-10 X 10~-* em), if & is taken 
around 3.5* 

The influence of grain size on the yield point itself 
cannot be overlooked, but in mild steel the results 
appear to be inconclusive in the range of 10-*-10~* em 
according to the results by Edwards and Pfeil.” If 
the few abnormally high results are excluded, the 
variation does not seem to be greater than 15% on the 
average. 


RATE OF STRAINING AND THRESHOLD 
TEMPERATURE FOR TWINNING 


Many phenomena of mechanical behavior in metals 
and in particular strain hardening and creep, appear 
to obey a reaction-rate type of law in which the strain 


rate varies exponentially with temperature. The 
threshold temperature for twinning is no exception 
to this rule above the critical temperature of — 170° F, 
but as seen from Fig. 18, below this temperature a one 
hundredfold variation of strain rate failed to affect 
appreciably the temperature of twinning. This ap- 
parent anomaly finds its explanation in the particular 


* This result should be eorreeted to account for the higher C and Mn con- 


tent of our specimens. It appears, however, from the comparison results 
on 0.12 and 0.42% C steel*™ that the correction would not be great. 
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relationship which exists between twinning and slip 
on the (112) plane of the iron erystal. 

It has been shown previously that below the critical 
temperature the formation of a twin requires less 
stress, and hence less strain energy, than the formation 
of a slip in an iron crystal. Consequently the defor- 
mation will proceed by means of twinning rather than 
slip below this temperature. The process of twinning, 
not unlike the austenite-martensite reaction,*! appears 
to occur rather suddenly. This is confirmed by the 
sharp sound (the “tin ery”) which is emitted during 
the deformation.** It is also known that twinning 
in steel cannot be prevented under the highest explosive 
rates.” Both facts indicate that the twins are generated 
with a speed which is close to that of sound. Under 
these circumstances it can hardly be expected that 
strain rates of the order of those used in tris work would 
have any marked influence on twinning be!ow — 170° F. 

The situation is quite different above —170° F. 
Since the strain energy required for slip is now smaller 
than that required for twinning, no twins should appear 
unless slip is inhibited in some way on the (112) plane. 
How this can come about is best visualized if the twin- 
slip relationship is examined on the atomic scale. 

A model was constructed, patterned after Barrett’s 
discussion,'* using plastic balls to represent spherical 
atomic fields of influence. With this model it can be 
shown that the energy necessary to move a sphere 
into the “full slip” position on the (112) twinning plane 
is approximately twice that required to move one into 
the twin position. It can also be shown that twinning 
can be accomplished by the application of a shearing 
force in one direction only; if the force is applied in 
the opposite direction, it must be of sufficient magni- 
tude to overcome the slip-potential barrier, and would 
then have sufficient energy remaining to move past 
the twin position and on into the “full slip” position. 
This may be seen more readily by examining Fig. 22. 
If movement is from left to right, the sphere may easily 
stop in the twin position, blocked by the high energy 
barrier between that and the “full slip” position. 
On the other hand, if movement is from right to left, 
it is very improbable that the sphere could stop in the 
twin position; since the structure seeks the lowest 
energy level and there is practically no energy barrier 
going in that direction from the twin position, it is 
most probable that the sphere would drop on into the 
“full slip” position. 


ORIGINAL TWIN 
FULL SLIP TWIN (IMPROBABLE) _——- 
POSITION MOVEMENT 
Hig.22 Sketch showing the energy relationship for move- 
ment of an atom along the (112) plane in a [111] direction. 
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If the above model bears any resemblance to reality, 
one would expect that during deformation the atoms 
should jump from the twin to the full slip position by 
virtue of thermal fluctuations alone. However, two 
conditions must be fulfilled : 

1. The free energy of the system should decrease 
as a result of the twin-slip process. 

2. Enough atoms must jump from the twin to the 
slip position (i.e., must have been activated) to propa- 
gate the slip across the crystal. 

If entropy changes are neglected the first condition 
is a restatement of the strain energy relation between 
twinning and slip given previously. It was shown 
that above —170° F less energy is required for slip 
than twinning. 

The second condition imposes the rate at which the 
deformation must proceed if the slip is to devote fully 
in the crystal. According to statistical mechanics* 
this rate must be slow enough for a sufficiently large 
fraction of the “twinned” atoms to jump over the 
potential barrier and generate the slip process. It can 
be shown that the fraction of the so activated atoms is 
given by the expression 


(10) 


In this expression AF is the increase of the free energy 
in the activated atoms. AF is measured by the work 
necessary to move one mole of atoms reversibly from 
the twinned position to the position at the top of the 
potential barrier, R is the gas constant = 1.987 g-cal 
per ° K, per mole, and T is the absolute temperature. 

From the above condition it follows that the defor- 
mation will proceed by slip above —170° F provided 
the rate of deformation varies proportionally to 
expression 10. This can be written as 

where é is a coefficient of proportionality. Equation 11 
proves the relationship between the rate of straining 
and the threshold temperature for twinning which has 
been established experimentally. 

At this point a few remarks can be made concerning 
the value of AF. Regardless of the final outcome the 
process of glide on the (112) plane can be pictured 
as consisting of two steps. In the first step the atoms 
C,, Be, C; of the first layer of atoms in Fig. 20 have 
been displaced to their twin positions C’;, B’:, C’s, 
through an amount of shear, y,, while the atoms of the 
other layers remain at their place. As pointed out 
previously, this step causes considerable distortion 
of the lattice, and the position of the first layer of atoms 
is unstable. The next step consists of securing a more 
stable configuration. Depending on the temperature 
this is achieved in two ways. Below the critical tem- 
perature for twinning a stable twin of finite thickness 
is formed by the displacement of other layers of atoms 
to the twin position. Above the critical temperature for 
twinning the atomsof the first layersare merely displaced 
further to the stable, full slip position by an additional 
amount of shear, 27,. The first step (twinning of the 
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first, layer of atoms) may require considerable activa- 
tion energy in a perfect crystal, since it is connected with 
the generation of misfits, or dislocations**. However, 
the next step, from the twin to the full slip position 
represents a tendency for the atoms to regain their stable 
position. Hence, only a moderate activation energy 
may be expected in the process of overcoming the poten- 
tial barrier which according to Fig. 22 separates the 
twin from the full slip position. 

That this is so may be shown by the following ad- 
mittedly simplified reasoning. Suppose the potential 
field pictured in Fig. 22 is approximated by a simple 
periodic function having its minima at the slip positions 
and the maxima half way between. A function satis- 
fying this requirement is : 


(1 — cos 2ry/3y,) (12) 


AU 
where AU» is the potential barrier half way between the 
slip positions, and 3¥, is the amount of shear involved 
in full slip. When the atoms of the first layer occupy 
their twin position y = y, and the corresponding in- 
crease of the potential energy is from expression 12 

AU, = 3/,AU o (13) 


Consequently, the potential barrier which remains 
to be overcome in the next, twin-full slip step is 

AF = AU, — AU, = AU)/4 (14 
To obtain the numerical value of AU, it will be recalled 
that for small values of y the energy per unit volume is 


AU = Gy?/2 (15) 
Hence, 
(0°AU/07?) =0 = G4 (16) 
Substituting for AU the expression 12 one has 
AU, & 0.45Gy? (17) 


Hence, the activation energy AF on per mole basis 
becomes with reference to formula 14 


AF & 0.11Gy7M/é (18) 
where M is the molar and 6 the specific weight. 
For mild steel 


G = 11.5 X 10° psi = 7.92 X 10 in. dyne/cem.? = 
19 X cal/em* 


M = 55.85 mole grams 
56 = 7.86 gr/cm? 
= 0.707 
Hence, 
55.85 


786 X 0.707? & 
7600 cal/mole 


This value agrees in order of magnitude with the experi- 
mental value of 4200 cal/mole. 


AF = 0.11 X 19 X 10° X 


INFLUENCE OF VARIOUS FACTORS 


Before closing this discussion the influence of other 
factors on the critical temperature of twinning will be 
briefly reviewed. 
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A. Microstructure. Relation 7 and Fig. 21 suggest 
that the decrease of grain size L should cause the lower- 
ing of the critical temperature of twinning. Direct 
data are not available. However, Bruckner’s results 
on the effect of steelmaking reported previously'* may 
well be due to grain refinement. 

B. Prior Straining. Analysis of relation 7 shows 
that prior straining can lower the twinning temperature 
by increasing the value of the yield point. This con- 
clusion also follows from the inspection of Fig. 21, 
since an increase of yield point means higher values of k 
for the same value of L. Again, direct experimental 
evidence is lacking. Indirectly the fact that cold 
working at room température inhibited twinning at 
this temperature‘ but not at a lower temperature” 
is consistent with this analysis. However the real 
cause may well lie in the particulars of the slip mecha- 
nism. Electron microscope studies on polycrystalline 
aluminum®™ have revealed that early stages of defor- 
mation are characterized by the appearance of many 
isolated slip lines which broaden into a succession of 
slip lines, or a slip band, in the later stages of defor- 
mation. Obviously, an existing slip line is more apt 
to generate other slip lines than a twin. Nevertheless 
the question is far from being settled, and further 
experiments are needed. 

C. Size of Twin Lamellae. It has been observed 
in the present work and elsewhere that the twin lamellae 
are larger at higher than at lower temperature of testing. 
Similar observations have been made on the width of 
the slip bands.** Both phenomena may well rep- 
resent a process of growth stimulated by temperature 
and deformation. That increasing deformation pro- 
duces larger slip bands has been mentioned earlier. 
The same has been found to hold for twinning in zinc.** 
Since larger deformation means higher yield point, 
the growth of the twin lamella is well justified on the 
basis of equation 2. It should be added that a similar 
justification can be given for the broadening of the slip 
band. 

D. Alloying Element. It does not seem possible 
to predict the influence of the alloying element on the 
temperature of twinning on the basis of the present 
analysis alone. For example, silicon has been men- 
tioned as a factor in raising the temperature of twin- 
ning.’ At first, this influence would seem to follow 
from our theory, since silicon is known to increase the 
grain size and a larger grain means a higher tempera- 
ture of twinning according to Fig. 21. But silicon is 
also known to increase the yield point which should 
tend to lower the temperature of twinning. In view 
of these two conflicting tendencies a more quantitative 
approach appears necessary. It is hoped that further 
work based on more recent data will provide the answer. 


CONCLUSIONS FROM THEORETICAL WORK 


The picture of the twin-slip mechanism which has 
been presented admittedly is far from perfect and it is 


lacking in many details. A great deal more available 
data must be analyzed and some of its implications 
must be verified before this picture emerges as little 
better than a working hypothesis. But as such it has 
a few merits which seem worthy of mentioning. 


1. It offers a satisfactory explanation of the particu- 
lar strain rate-temperature relation found in this work. 

2. It predicts the right order of the critical tempera- 
ture of twinning and the activation energy for the twin- 
slip process. 

3. It suggests further experiments aimed at the 
influence of grain size, prior straining and alloying 
elements on the twin-slip mechanism. 

The third point perhaps is the most meritorious as it 
offers a lead toward a better understanding of the 
plastic properties of metals. 


Appendix 


CRITERION FOR TWINNING 


The criterion for twinning used in this work has been 
patterned after a similar criterion which Bragg has 
formulated for the case of slip.*' Both criteria are 
derived from the postulate that a crystal subjected to 
shear will slip or twin, if the elastic strain energy due 
to shear is decreased by the process. The critical shear 
strain therefore will be that strain for which the strain 
energy of the final configuration is just equal to the 
strain energy of the original configuration. * 

A very simplified picture will show how this criterion 
can be obtained for both slip and twin. Figure 23 (a) 
and (b) represents an almost perfect crystalt subjected 
to shear. The sides AD and BC are parallel to the 
glide direction, and the plane of glide is perpendicular 
to the plane of both figures. For convenience, the 
sides AB and CD have been drawn in the particular 
direction which suffers no change of length when it is 
tilted to the twin position.** This direction of course 
is immaterial for the case of slip. We shall inquire 
for what particular values of BB’ the crystal will slip 
or twin, respectively. 

Comparison between Fig. 23 (a) and (6) shows that 
the process of slip is characterized by a translation of 
one atomic layer through a distance equal to the ele- 
mentary “quantum” of slip,”* which is the interatomic 
distance,A,. This slip takes place on several planes 
1, 2, ... n which are separated from each other by inter- 
vals, t, of the dimension of a mosaic block. We shall 
assume for the sake of simplicity that all intervals 
are the same. Actually, the size of the block is likely 
to have a random distribution around the average. 
In variance with this picture, the process of twinning 
is confined to only one interval. More specifically, 


* It is ne Ad, to recognize in this formulation the more general criterion of 
pms stability owever, the solution does not call here for a varia- 

caleuies ¢ since the final configuration is imposed by the crystal struc- 


t We shall assume that imperfecti are fined only to isolated planes 
of glide. 
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Fig. 23 Glide mechanism in a crystal, patterned after Bragg criterion; (a) slip process, (b) twin process 


each layer of this interval undergoes a translation 
corresponding to a constant shear strain, y, which 
is characteristic of the twin process. 

With the help of these pictures we shall derive ex- 
pressions for the strain energies Uo, U, and U;, of the 
original, slip and twin configurations, respectively. 

The original strain energy is simply 

‘\2 
Us = (FF) V (Al) 
where G is the shear.modulus and V the volume of the 
crystal. 

After slip the crystal has been subdivided in (n + 1) 
domains by n slip planes. The elastic shear strain 
is the same in each domain. Consequently 


(BEY y 
Ue (A2) 
E.F, E,F; 
where = - is the elastic shear 
strain. 
From Fig. 23 (a) one has 
BB’ = (n+ 1)E,F, + na, (A3) 
Substitution of A3 in A2 yields 
G BB’ nr, es 
u. = - , 


The critical value of BB’ will be obtained when 
U.=U, 
or, using expressions Al and A4, when 
BB’ = ny,/2 


The critical shear stress for slip 


_ Gr, 
This is the criterion derived by Bragg under some- 
what different simplifying assumptions. 
In the case of twinning the strain energy U; is the 
sum of the strain energies in the twinned and untwinned 
portions of the erystal. With reference to Fig. 23 (6). 


G/(2EF L-t 
U, = EF 


g (Ar) V (A6) 


(A5) 


Ts: 


2 t L 
But 
E\F, 2t 
EF L-t? 
hence 


Again from Fig. 23 (b) 

ME, = vi 
where ¥; is the amount of shear strain caused by twin- 
ning. Hence, 


BB’ = BH + HK + KI + IB = 


XL 
2 + 7,7’ (A8) 
Substitution of A8 in A7 yields 
GT BB’ — ,, 
U,= 5 ] J (A9) 


The critical value of BB’ will be obtained by putting 
U, = U, or with reference to Al and A9 


G BB’ Gr, n BB’ = 7/2 (A10) 
aad? 2tn+1 The critical shear stress for twinning thus becomes 
In practice n seldom is smaller than 100. Hence to a _Gt 
74 = (Al 1) 
sufficient degree of approximation 2L 
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The Pressure Vessel Research Committee 
Realizes Its First Objective 


» Less guess in design, accurate knowledge of effects of 
fabricating procedures, expected economy in the use of 
materials without sacrifice to safety are foreseen clearly 
as the result of the first five years of committee’s efforts 


CTING upon the suggestions of members of the 
ASME Boiler Code Committee, the Welding 
Research Council, a research organization set up 
by the major engineering societies, some five years 

ago appointed a Pressure Vessel Research Committee 
to develop programs and carry out needed research 
which would result in safer and possibly more econom- 
ical pressure vessels. The research programs were 
carefully drawn up to cover the more important phases 
of the selection of materials, the design of pressure 
vessels to reduce stress concentrations at points such as 
junctures of head to shells, supports, attachments 
and reinforced openings; and to understand better 
the effects of the various processes of fabrication, such 
as cold forming, welding, heat treatment and test- 
ing, on the different materials used in pressure ves- 
sel construction. 

Modern developments call for higher and higher 
pressures, associated with high temperatures, with and 
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without corrosive environments. These combinations 
call for thicker walled pressure vessels, and the size of 
vessels dictated by presently authorized design stresses 
is approaching the limits that can be fabricated. 
Higher strength steels utilizing higher permissible de- 
sign stresses are required in order to permit progress in 
the industry. At the low-temperature end of the scale, 
there have been some failures in large storage tanks 
which have been subjected to cold winter temperatures. 
It was generally agreed among engineers that the 
necessary research work was not being done by other 
organizations, and that the fabricators of pressure 
vessels could not individually be expected to effectively 
carry out such work. 

Five years of effort on the part of more than 100 
Scientists and Engineers, working in cooperation with 
seven universities and a number of industrial research 
laboratories, have produced more than 27 published 

(Continued on page 501-s) 
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The Nature of Cleavage Fracture in Steel 


» Cleavage fracture at any service temperature in steel is 
affected by artificial notches, inhomogeneities of structure, 
the ductility of the material, its structure and composition 


by H. M. Miekk-oja 


INTRODUCTION 


HE frequent occurrence of brittle fracture in low 

carbon steel has focused attention on the fact that 

ductility, as well as strength, is an essential point 

to be considered in determining the suitability of 
a metal for construction purposes. Indeed, ductility at 
low temperatures under impact cannot be ascertained 
by static tests performed at room temperature.'~* 

The tendency of a steel to fail in a brittle manner is 
increased by notches, which function as stress-raisers. 
Their presence probably forms a necessary condition for 
brittle failure in low-carbon steel under no:mal circum- 
stances. Consequently, the designer knows how to 
avoid notches, and structural discontinuities, thus di- 
minishing possible brittle fracture. However, not only 
external and artificial notches, but, also, inhomogenei- 
ties in the internal structure of the metal itself may 
function as stress-raisers.' Obviously, peculiarities in 
the internal structure of mild steel are responsible for 
brittle behavior under certain conditions, evidenced by 
the fact that the behavior of mild steel, brittle or ductile, 
is largely dependent upon changes in its internal struc- 
ture, brought about by alloying, working, or heat treat- 
ment. In addition, austenitic steels, and, also, other 
metals with face-centered cubic lattice—e.g., copper, 
aluminium and many of their atloys—will not fracture 
in a brittle manner, not even at low temperatures or 
under impact.6 Consequently, an understanding of 
the internal mechanism of fracture may possibly help 
to find additional means for reducing tendency to 
brittleness. This is attained by studying the internal 
structure of the metal. 


TRANSITION TEMPERATURE AND TENSILE 
REDUCTION OF AREA 


The first attempt toward the solution of the problem 
of brittleness in low-carbon steels was to find a labor- 
atory testing method, the results of which would give 
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a definite correlation with the behavior of the metal 
under practical conditions. All methods, static and 
dynamic, revealed the fact that fracture of a notched 
specimen changes from shear to cleavage more or less 
abruptly with decreasing temperature.* Investigations 
into the nature of the fracture led to the definition of 
the “fracture transition temperature’ below which the 
fracture once initiated may propagate in a cleavage 
manner; and of the “ductile transition temperature” 
below which it may not only propagate, but also ini- 
tiate in a cleavage manner. These transition temper- 
atures correlate in a way with the behavior of the metal 
under practical conditions, but vary largely depending 
upon the testing method. 

Subsequently, attempts were made to correlate 
transition temperature with the results of a simple test 
to be performed at room temperature. 
made at Lehigh University on two special low-carbon 
steels showed a straight-line relationship between ten- 
sile reduction of area and transition temperature, de- 
fined in different ways.’ This relationship was assumed 
to exist for other materials also. On the other hand, 
objections to this assumption were raised on the basis 
that different alloying elements, e.g., manganese, phos- 
phorus and silicon, shift the transition temperature 
more rapidly for a unit change in reduction of area than 
earbon.* Therefore, variation in the relationship in 
question is expected to increase when steels of widely 
different composition are included. Although it is now 
evident that the practical significance of the relation- 
ship is limited, the author will take up the question 
since it forms a basis when the differences in the be- 
havior of steel with different rates of stress forma- 
tion are considered. 


Investigations 


The results of investigations 
made at the Vuoksenniska Steel Works in Finland, 
given below, reveal the susceptibility of some steels to 
strain aging. 

These investigations measured the reduction of area 
in the conventional tensile test at room temperature on 
the one hand, and the transition temperature by means 
of Charpy-keyhole specimens on the other. Both 
measurements were made before and after strain aging. 
The steels investigated were silicon-killed plain carbon 
steels. The carbon content varied from 0.09 to 0.69%. 
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Table 1 


- ———Composition, % 
Heat Cc Mn Si P 8 Cr Ni Cu 
1 0.09 0.37 0.20 0.014 0.015 0.20 0.22 
2 0.14 0.46 0.23 0.020 0.023 0.15 0.34 
3 0.31 0.54 0.22 0.025 0.017 0.17 0.39 
4 OAl 0.50 0.24 0.021 0.029 ‘<a 0.22 0.24 
5 0.69 0.29 0.23 0.032 0.017 0.03 0.15 0.30 
Other alloying or impurity elements, were of conven- 15 
tional limits, as can be seen from Table 1. 
The specimens were taken from rods, 18 mm in diam- a 
eter, which after hot-rolling had been normalized at iG 
temperatures according to carbon content (Table 2). i 
The microstructure of the specimens consisted of fer- = 
rite and lamellar pearlite in proportions given in Table & Pisnathien 
2. The thickness of, pearlite spacings varied from 0.3 e temperature 
to 0.5 w, and ferritie grain size from 0.018 to 0.025 mm. + 
The strain-aging treatment consisted of a 10% strain- 2 5 


ing and subsequent annealing at 250° C for 1 hr. Ma- 
terial for the preparation of Charpy specimens was 
strained through cold rolling, whereas tensile test speci- 
mens were strained in the tensile-testing machine. In- 


~- 


asmuch as the investigations were intended to serve "30 +100 
practical purposes, no measurements upon transition Temperature (°C) 

Fig. 2. Impact energy /temperature curves for strain-aged 
tempe rature between straining and annealing were Gn eantente 
made. Consequently the effects of both treatments 
could not be separated. tionship between tensile reduction of area and transi- 

The resulting impact energy/temperature curves tion temperature, defined as temperature at which the 
for all steels in normalized condition are given in Fig. impact energy decreases to one-half of its maximum 
1, and in strain-aged condition in Fig. 2. The rela- value, is shown in Fig. 3. In the same figure some re- 
Table 2 

Heat — 1 2 3 4 5 

Normalizing temperature, ° C 910 890 880 840 800 

Ferritic grain size, mm. 0.025 0.020 0.018 0.018 } 

Ratio of ferrite to pearlite Very great 10 2.0 1.0 Very small 

Pearlite spacing, « 03 0.4 0.4 0.5 0.5 


sults of the Lehigh University’ experiments are repro- 
duced. From the results shown in Figs. 1-3 the fol- 
lowing interpretations are made. 

Increase in carbon content from 0.09 to 0.69°;,, which 4 
brings about a change from a nearly ferritic to a pearlitic 
structure, results in a strong decrease in the reduction 
of area (from 72 to 35%) and also the same in maximum 
impact energy for normalized and strain-aged steels. 
But it results in only a moderate increase in the transi- 
tion temperature, when this is defined by means of the 
half-value of maximum impact energy; and practically 
no change of transition temperature at all, when an arbi- 
trarily low value of impact energy, 1.0 kg/cm?, is taken 
for its criterion. It must be kept in mind, in addition 
that not only the ratio of ferrite to pearlite, but also 
the ratio of manganese to carbon changes with carbon 
| | content, in our case from 4.1 to 0.4, when the carbon 
content increases from 0.09 to 0.69%. The decrease in 

” , the ratio Mn/C, again, is known to bring about an in- 
Fig. | Impact energy /temperature curves for normalized 
silicon-killed carbon steels with varying carbon contents crease in the transition temperature. Consequently 


Impact energy 
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Tensile reduction of area (%) 
Fig. 3 Relationship between tensile reduction in area and transition temperature 


Results of this work; -O---O-, normalized silicon-killed carbon steels. 


-@...@.. strain-aged silicon-killed carbon steels. Criterion for transition 


temperature, the halt-value of maximum impact energy in keyhole Charpy test. : 
Results of Lehigh University:’ Shaded area, V-notch Charpy test, absorbed energy as criterion for alaminum-killed ASTM A-20i Grade A and 
rimmed ASTM A-70 steels. -"--- -, Lehigh slow-notch bend test, % contraction as criterion, for ASTM A-201 steel. 


the resulted increase, 30°C, in the transition tempera- 
ture is probably not due to changes in the micro-struc- 
ture alone, but goes partly back to changes in the ratio 
Mn/C. 

Strain aging treatment, on the contrary, results only 
in a small change in the reduction of area (3%), whereas 
its influence on the transition temperature is consider- 
able, 40° C average. The results for a rimmed steel, 
with a carbon content of 0.18% not reproduced in these 
figures, gave a rise of 60° C in the respective temper- 
ature. The results of Lehigh University showed still 
greater changes, up to 90° C. 

As a whole, the tensile reduction of area seems to de- 
pend primarily on the carbon content, i.e., on the 
microstructure; whereas the transition temperature, 
especially the “ductile” one, is mainly determined by 
properties of ferrite which have been altered during 
strain aging. As a consequence, no straight-line rela- 
tionship between tensile reduction of area and transi- 
tion temperature may be valid, if composition and 
treatment both vary widely. A change in these fac- 
tors may change only the microstructure, and, accord- 
ingly, the reduction of area, but may leave the prop- 
erties of ferrite and transition temperature nearly un- 
touched, and vice versa. 

As to the transition temperature and brittle or duc- 
tile behavior of steel in general, the most significant 
fact is that it must be determined primarily by proper- 
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ties of the ductile constituent in the structure, i.e., by 
those of ferrite, inherent in its body-centered cubi¢é 
lattice, or affected by alloying, working or heat treats 
ment. This viewpoint is strongly emphasized also by 
Schaub.” Investigations into the nature of brittles 
ness should, therefore, be directed mainly to the props 
erties of ferrite and other metals with body-centered 
cubic lattice. True, changes in microstructure, such 
as spheroidization, variations in the thickness of pears 
lite lamellae, etc., have been found to result in marked 
changes in the transition temperature,’ but such 
changes, though possibly detrimental in practice, may 
be considered to have only a secondary influence. e.g., 
through accentuating notch effects. In addition, a 
treatment necessitated by such changes may produce 
alterations in the properties of ferrite too. In spite of 
the fact that cleavage fracture often initiates at the 
fracture of an inbedded carbide particle,'* the cleav- 
age fracture is undoubtedly a characteristic of ferritic 
crystals. If austenitic, the surrounding matrix will not 
fracture in a cleavage manner. 

However, many features of microstructure, e.g., 
ferritic and, also, inherent austenitic grain size, may 
have an essential, although indirect, influence on those 
properties of a ferritic lattice which determine its brittle 
behavior under certain conditions. Properties induced 
by aging processes may be affected by grain size. Thus 
the effects based upon properties of ferritic lattice and 
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those based upon microstructure cannot be sharply 
separated. 


CLEAVAGE FRACTURE AND CRYSTAL STRUC- 
TURE OF FERRITE 


An ideal brittle fracture may be defined as a fracture 
which initiates and propagates without preceding plas- 
tic deformation. The possibility of such a fracture 
occurring at a high rate of loading in materials that are 
capable of considerable plastic deformation at a slow 
rate of loading, proves that normal deformation in such 
metals may be inhibited. In other words, it conditions 
the existence of a delay time for initiating of slip. That 
has been ascertained by Kramer and Maddin in a 
single crystal of body-centered cubic beta-brass.® 
Further, it conditions a sudden rise of stress at a local- 
ized area to such an extent that cleavage fracture occurs 
before the delay time for slip is exceeded. The sudden 
rise of stress is the most important condition for cleav- 
age fracturing, since the slip will otherwise relieve the 
stress and prevent it from rising to a necessarily high 
value. 

The significant role played by notches in brittle frac- 
ture is logically explained by the fact that they create a 
multiaxial stress field at their ends, thus raising the 
stress necessitated by plastic deformation, which effect 
depends in a known way on the geometrical factors of 
the notch. An increase in the rate of loading natu- 
rally increases the rate of stress formation at the end of 
notches. The decrease of temperature again increases 
the delay time for slip, which fact was revealed by the 
results of Kramer and Maddin.’ Consequently, a 
high rate of loading and a low temperature promote the 
occurrence of fracture in a brittle manner. 

If the temperature is below the “ductile’’ transi- 
tion temperature, the stress-raising effect of an arti- 
ficial notch is sufficient to induce initiating of the frac- 
ture in a brittle manner. Between “ductile” and “frac- 
ture’’ transition temperatures the effect of an artificial 
notch, however, is not sufficient for a cleavage fracture, 
and fracturing initiates in a shear manner. But shear 
fracture constitutes a new and extremely sharp notch 
with accentuated stress-raising properties, and in ad- 
dition, the formation of the crack is rapid, also during 
slow deformation. This promotes a sudden stress 
formation at the sharp end of the crack, with resulting 
cleavage fracture. For this reason cleavage fracture 
once initiated generally propagates rapidly throughout 
the metal. 

The above-suggested mechanism for brittle fracture 
does not exclude the possibility of its being preceded 
by plastic deformation. It only conditions that plastic 
deformation, either through slip or mechanical twin- 
ning, does not relieve the stress sufficiently to pre- 
vent the necessary stress formation at the end of 
notches. However, the author does not agree with 
Bruckner,'* Schaub,” etce., who suggest that cleavage 
fracture is initiated by mechanical twinning, and that 
this is a condition necessary for cleavage fracture to 
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occur. On the contrary, cleavage fracture may occur 
not because of twinning, but in spite of it, since twin- 
ning, if occurring in abundance, may prevent the local 
rise of stress to such a high value necessitated by cleav- 
age fracture. As a matter of fact, cleavage fracture 
and mechanical twinning may be considered, as is sug- 
gested by Tipper,'* to be symptoms of certain proper- 
ties in ferrite which inhibit normal plastic deformation, 
ie., slip. The initiating of cleavage fracture in ferrite, 
in those regions, where mechanical twins appear in 
abundance," can be explained by assuming that with 
sudden local stress formation, when slip is inhibited, 
twinning occurs; but if it is not sufficient to release the 
stress, cleavage fracture starts in the same region. 

The existence of delay time for slip, and its increase 
with decreasing temperature in body-centered cubic 
metals, offers a most significant starting point for the 
treatment of the problem of cleavage fracture in gen- 
eral, especially since no delay time was ascertained, at 
least not above — 190° C, in face-centered cubic metals, 
aluminum and alpha-brass.* Undoubtedly the investi- 
gation into delay time and into the reasons for its exist- 
ence will reveal the real nature of cleavage fracture in 
low-carbon steels also. 

The difference in behavior of ferritic and austenitic 
crystals under stress, particularly at low temperatures 
and with a high rate of loading, goes back to differences 
in their lattices, i.e., in the body- and face-centered 
cubic lattice. In comparing these, two points deserve 
special attention: first, the dissimilarity of those lat- 
tice planes which may function as active glide planes 
determining the mode of slip; and, second, the dis- 
similarity in the distribution of empty space, where the 
interstitial atoms may place themselves. The radius 
of the greatest interstices in ferrite is only ‘0.36 A 
whereas in austenite it is 0.52 A. 

Contrary to the face-centered cubic lattice, the body- 
centered lattice does not possess any close-packed lat- 
tice plane, but a close packed lattice direction, [111]. 
Consequently, there are several planes—(110), (112), 
and (123)—each containing the direction [111] which 
may function as active glide planes, especially at high 
temperatures. On the other hand, these relatively 
weak glide planes may, with difficulty, function ac- 
tively at low temperatures even with a slow rate of de- 
formation. This difficulty is still accentuated with in- 
creased rate of loading. In face-centered cubic lattices, 
on the contrary, the deformation, especially its first 
stage, is much the same at all temperatures, as is em- 
phasized by Allen.'® 

Indeed, the peculiarities in the mode of slip inherent 
in the body-centered cubic lattice may be the last rea- 
son for the difference in behavior of ferrite under stress 
at different temperatures, and under different rates of 
loading. This condition is supported by the fact that 
a delay time for slip was ascertained in beta-brass, 
where the presence of interstitial atoms in appreciable 
amounts is not probable. In addition, high purity 
alpha-iron is found to fracture in a cleavage manner, 
the increase of carbon content from 0.002 to 0.01% 
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raising the transition temperature only slightly.” 
However, as is emphasized by Kramer and Maddin,* 
the theories for plastic flow are not detailed enough to 
decide if delay time at low temperatures is possible, 
due to the particular type of lattice alone, or whether 
it conditions the presence of some alloying atoms. 

Some alloying elements influence the inhibition of 
slip under certain conditions, since they raise the 
transition temperature. Possibly the rise of transition 
temperature to a dangerous level is necessitated by 
the influence of alloying elements. Considering the 
possibilities of eliminating the tendency of steel to 
brittleness under practical conditions, the influence of 
such elements is most interesting, since with the inher- 
ent properties of the lattice there is probably not much 
todo. 

Owing to the unfavorable distribution of the empty 
space, the interstitial atoms introduce a great disturb- 
ance into the body-centered cubic lattice and may, con- 
sequently, segregate around dislocations and at grain 
boundaries, as has been shown by Cottrell,” thus form- 
ing an inhomogeneous solid solution. The dislocations 
are anchored by an “atmosphere” or a “cloud”’ of inter- 
stitial atoms accumulated around them. An inter- 
action between clouds and dislocations causes the in- 
crease of shear stress necessitated by slip. When the 
stress is sufficiently high to liberate first dislocations 
from their clouds, which stress appears as a higher 
yield point, further dislocations are liberated in a cata- 
clysmic manner, and wide yielding occurs. What- 
ever the mechanism of this cataclysm, if it conditions 
random distribution of dislocations in the lattice 
(Holden"), or polygonization (Cottrell"), the liberation 
of dislocations and their acceleration into sufficient 
velocity for the liberation of further dislocations takes 
time. Consequently, when the stress formation is 
rapid, cataclysmic yielding does not take place to any 
noticeable extent before a further appreciable rise of 
stress. This appears in the tensile test where the upper 
yield point increases strikingly with increased rate of 
loading.’ Naturally, when stress formation is as rapid 
as it may be under impact and in the presence of 
notches, the stress may rise to such high value that 
cleavage strength is exceeded, with a resulting cleav- 
age fracture. 

Except the interaction between dislocations and 
clouds, the slip inhibiting properties of ferrite may be 
affected by such alloying elements which form substi- 
tutional solid solutions, and by cold working. How- 
ever, in this paper attention is centered mainly on those 
alloying elements which, directly or indirectly, influence 
the slip inhibiting properties of ferrite, affecting the 
formation of Cottrell clouds, or segregated regions, in 
the parent matrix in general. 


INHOMOGENEOUS SOLID SOLUTIONS 


As is well known, precipitation of a second phase 
from a solid solution is a manifestation of a tendency 
toward diminution of free energy. It conditions that 
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the decrease in internal energy which is gained through 
precipitation, overweighs the influence on free energy 
of the resulting decrease in the entropy of mixing. The 
decrease in internal energy is mainly due to liberation 
of binding energy which must be great enough to over- 
weigh not only the influence of a decrease in entropy, 
but, also, the increase in strain and surface energies, 
especially in the early stages of precipitation. If there 
is a certain degree of coherency between the parent lat- 
tice, on the one hand, and the precipitating phase, or 
some metastable phase on the other hand, the precipi- 
tation is preceded by segregation of solute atoms in 
localized regions of the parent lattice, i.e., by the forma- 
tion of coherent zones. However, this will not lead to 
an equilibrium state in the parent lattice since there is 
possibility for further decrease in the internal energy 
through precipitation when the coherent zones have 
grown large enough, a fact which appears as “‘over- 
aging’ in connection with precipitation hardening. 
Changes in strain energy which are associated with 
precipitation, in general counteract the decrease in inters 
nal energy,” and, consequently, necessitate supercooling 
before segregation may occur. 

However, if solute atoms introduce a great disturbs 
ance in the parent lattice, their segregation into dis* 
torted regions may result, also, in a decrease of strain 
energy, as stated above in connection with Cottrell 
clouds. Characteristic of such segregations, which aré 
brought about by release of strain energy, is the fact 
that they may lead to an equilibrium state in the par- 
ent lattice without forming any separate phase.™ 
The driving force for segregation gradually weakeng§ 
while the process is proceeding, due to decrease of 
stress in distorted regions, as also in the undistorted 
lattice, and a simultaneous depletion of the solution; 
This happens, for instance, in connection with strain 
aging, which phenomenon goes back to the formation 
of Cottrell clouds.24 When annealing after straining 
is prolonged, overaging does not occur provided the high 
temperature does not affect the recovery, or recrystal¢ 
lization. 

It may be emphasized that segregation in one phasé 
occurs with resulting depletion of solution, and, conse- 
quently, also in such solution which is not even satur- 
ated with regard to a second phase. For example, in 
low-carbon steel, the equilibrium structure consists of 
cementite particles on the matrix of ferrite with a 
very small concentration of carbon, perhaps 10~*% at 
room temperature. When this material is strained, 
a great number 10" per sq cm, of dislocations are 
formed in the ferrite. 2% During subsequent aging, 
there occurs segregation of carbon atoms around these 
dislocations, which is evidenced by the reappe rance 
of yield point. This segregation conditions a depletion 
of ferrite from carbon, and a subsequent dissolut on of a 
fraction of cementite, since the equilibrium concen- 
tration of carbon in ferrite is fixed. Thus the segre- 
gation in one phase may take place at the expense of 
the precipitated phase. 

As was emphasized above, the interaction between 
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dislocation and the cloud around it may inhibit the 
initiating movement of dislocation, and thus promote 
the occurrence of cleavage fracture. On the other 
hand, this interaction disappears as soon as the disloca- 
tions are liberated from their clouds through slow plastic 
deformation. Consequently, strain aging of steel has 
no great influence on such mechanical properties as 
indentation hardness, tensile strength and elongation, 
the testing of which includes a certain amount of plas- 
tic deformation at room temperature. If such effects 
are apparent, it is probably because the material sub- 
jected to straining was not in an equilibrium state. 
Instead, the ferrite was supersaturated with carbon, 
there occurring during annealing not only formation of 
Cottrell clouds, but also precipitation of cementite. 

Quench aging, on the contrary, exerts marked effects 
on the above-mentioned properties, but influences only 
slightly the transition temperature and the brittle be- 
havior of steel in general. This can be explained by the 
fact that the number of dislocations in quenched steel 
is relatively small, 10° per sq cm, in comparison with 
10-10" in the strained metal. On the other hand, 
particularly with as small a carbon content as 0.04°% or 
less, i.e., in the absence of large carbide particles in the 
structure, a very fine dispersed carbide precipitation 
takes place during the aging treatment. The free path 
for slip is thus shortened with resulting increase in the 
resistance to deformation, and respective changes in 
the above-mentioned properties; but between precipi- 
tates and dislocations inside the parent lattice no inter- 
action exists and, therefore, quench aging has no great 
effect on the behavior of ferrite under rapid stress 
formation, e.g., on the occurrence of cleavage fracture. 
This statement is consistent, for instance, with the idea 
of Thielsch that only the uncombined amounts of car- 
bon and nitrogen are effective in exhibiting a strong 
influence upon transition temperature.** 

Considering changes in the transition temperature 
and, also, the disappearance, or reappearance, of yield 
point in low-carbon steel, introduced by certain heat- 
treatment operations, the stability of inhomogeneous 
solid solution of carbon in alpha-iron deserves particular 
attention. In the equilibrium state the partition of 
carbon atoms between the distorted regions around 
dislocations, on the one hand, and the undistorted lat- 
tice, on the other, must be determined by the minimum 
of free energy F = E — TS (E = internal energy, 
S = entropy, 7 = temperature), and is consequently 
dependent upon temperature. At such low temper- 
atures where the influence of entropy on free energy is 
small, the decrease in strain energy, due to the forma- 
tion of Cottrell clouds, aids in this formation. At high 
temperatures again, as near below the A,, point, the 
influence of the entropy term TS becomes predominant, 
resulting in a dispersion of carbon atoms from cloud 
throughout the lattice. 

The increasing influence of the entropy term at high 
temperatures distinctly explains the loosening of Cot- 
trell clouds owing to the increasing thermal agitation, 
suggested by Masing.** Accordingly, it gives a simple 
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explanation for the slight decrease of the transition 
temperature in the material freshly quenched from 
near below the A; point, and, also, the disappearance of 
yield point, a fact which is held as a serious argument 
against Cottrell-cloud conception by Gruhl.* As for 
strain-aged iaterial the heat treatment at temper- 
atures above the ordinary aging temperatures and be- 
low Aq point naturally introduces first recovery and 
then recrystallization, with resulting disappearance of 
the greatest part of dislocations, and, accordingly, of 
the Cottrell clouds. The corresponding decrease in 
transition temperature is perceptible because the transi- 
tion temperature in strain-aged material is especially 
high. 

With regard to the rate of formation, an essential! 
difference exists between segregation in the parent 
lattice and precipitation of a second phase. The latter 
conditions an energy of activation which must be sup- 
plied by thermal agitation before the nucleus can at- 
tain its equilibrium concentration and increase in size,” 
whereas the time taken to form a segregation in one 
phase is determined by the rate of diffusion only. 
Segregation in one phase, therefore, proceeds much 
more rapidly than precipitation, a fact which comes 
into expression for instance when comparing strain, 
and quench-aging processes.? The high rate of. forma- 
tion of Cottrell clouds is further evidenced by the exist- 
ence of a yield point in soft annealed, and even in nor- 
malized, low-carbon steel; which we may speak of as 
“self aging.”’ On the other hand, also when interstitial 
atoms are concerned, the degree of segregation depends 
upon the rate of cooling which appears, e.g., in dif- 
ferences in the transition temperatures with varying 
rates of cooling caused by different sheet thicknesses,* 
by different ‘“mass-effects’’ in connection with weld- 
ing,” ete. 

Along with the pre-eminent property of inhomogene- 
ous solid solution, viz., the ability of the clusters of 
segregated atoms to interact with the distorted regions 
in the lattice—e.g., with dislocations—is another 
characteristic wl.ich deserves attention. The segregated 
atoms may, under certain conditions, keep pace with 
the distorted regions when these are moving, which 
property does not belong to precipitates, and probably 
not even to segregated atoms in coherent zones, since 
they are intimately bound with the parent lattice. 
This characteristic becomes apparent both in connec- 
tion with the motion of dislocations and that of grain 
boundaries. Considering, first, the motion of disloca- 
tions in soft low-carbon steel, which is loaded in a ten- 
sile test, carbon atoms are not able to keep pace with 
moving dislocations at room temperature. But with 
increasing temperature the diffusion rate of carbon in- 
creases, and at about 300°C the carbon clouds follow 
moving dislocations, exerting, however, a viscous drag 
on them. This phenomenon, so called “blue brittle- 
ness,’”’ comes into expression in an increase of mechani- 
cal strength, which shows a maximum around 300°C 
in slow test.* Such segregated atoms as lie in substitu- 
tional positions, however, are scarcely able to keep 
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pace with moving dislocations. Instead, they may 
migrate with grain boundaries and enrich there during 
grain growth after recrystallization,™ as also during 
phase transformation.’ 

When treating above the properties of inhomogeneous 
solid solutions, the interstitial solutions were especially 
considered. This was also justified, since even such 
solutions seem to exert a most pronounced effect in in- 
hibiting the initiating movement of dislocations. It 
is to be emphasized that interstitial atoms generally in- 
troduce a great disturbance in the lattice and conse- 
quently own a small solubility. Thus the conception 
of one phase segregation is well consistent e.g. with 
Allen’s statements that “certain interstitially dissolved 
impurities exert their most important effects in iron 
when the quantities added are between 0.002 and 
0.02%,” and that “the elements of small solubility 
generally appear to be the most effective in producing 
brittle fracture, thereby raising the transition tempera- 
ture.’ 

However, not only in interstitial, but, also, in sub- 
stitutional solid solutions, solute atoms may accumu- 
late in the distorted regions in the lattice without form- 
ing any separate phase, owing to their effect in reliev- 
ing local stresses.22 Such segregations, too, may occur 
in the presence of very small amounts of solute atoms, if 
these introduce a great disturbance in the lattice. 
And, finally, a simultaneous segregation of different 
atoms, possibly foreign to the parent lattice, may take 
place with quite small concentrations. As has been 
shown by the author,” e.g. such small amounts of phos- 
phorus and iron as 0.002 and 0.004% segregate in 
cartridge brass at grain boundaries during annealing, 
affecting strongly the grain growth. 

In view of the fact that various one phase segrega- 
tions condition only small amounts of solute atoms, 
while commercial metals always contain impurities in 
perceptible amounts, the possibility for such segrega- 
tions to occur is considerable. As a consequence, 
such properties of a metal which are intluenced by one 
phase segregations, as even the tendency to fracture in a 


cleavage manner, are essentially dependent upon the * 


presence of the impurities in such small quantities, 
which often escape notice during investigations, result- 
ing in a disagreement between the different results. 


CLEAVAGE FRACTURE AND ALLOYING 
ELEMENTS 


Although the fundamental research into the influence 
of different alloving elements on cleavage fracture in 
steel is in its beginning, a lot of results are at hand. 
Their interpretation is not easy because the effects of 
different elements superpolate each other and are often 
essentially dependent on earlier history in the treatment 
of the metal. 

Considering, first, such alloying elements as affect 
mainly the microstructure, e.g., the ratio of pearlite to 
ferrite, thickness of pearlite lamellae, etc., they have 
an indirect influence upon the failing of steel in a 
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cleavage manner. As was suggested above, second- 
phase inclusions in the ferritic matrix may, for in- 
stance, induce notch effects, thus promoting rapid local 
stress formations, which are a necessary condition for 
the initiating of a cleavage fracture; but they cannot 
inhibit the initiating movement of dislocations inside the 
ferritic lattice, and so cannot have any effect on the 
delay time for slip. The indirect influence of an in- 
creasing carbon content, owing to its effect in increas- 
ing the amount of pearlite in the structure, was above 
ascertained to raise slightly the transition temperature. 
However, if the same effect in the structure is exerted 
by, e.g., a manganese addition, the rise in transition 
temperature is probably counteracted, and surpassed 
possibly by the effect induced by the increased amount 
of ferrite in pearlite. 

Second, such alloying elements as dissolve in appre- 
ciable quantities in ferrite, e.g., nickel, manganese and 
phosphorus, naturally exert a direct influence, either 
promoting or preventing, on the possible cleavage frac- 
ture. The real nature of this influence is difficult te 
interpret. It may be stated that these elements, ag 
also cold working, influence cleavage strength and 
critical stress for slip, or yield stress, in a differen 
manner. The effect of manganese, for instance, if 
lowering the transition temperature of normalized irom 
with 0.03% carbon, ascertained by Rees and collabore 
ators,"® may be explained on the basis of the larger rais 
ing of the cleavage strength than of the yield stress, 
The rise of cleavage strength which is caused by mangas 
nese, and still accentuated in the presence of carbon, ig 
positively an improvement in notch toughness, come 
pared with that of pure alpha-iron. Considering thé 
very strong influence of manganese, it may be partly 
due to its effect in lowering the yield stress also. It ig 
not impossible that manganese partly eliminates the 
effect of carbon in increasing the transition tempers 
ature, preventing in some way the formation of Cote 
trell clouds. ‘This suggestion-is consistent with Allen's 
conception that manganese has a profound effect upun 
the condition of carbon in iron, at least as importan€ 
as the effect of the dissolved manganese atoms.” Af 
any rate, the requirement of a high ratio of manganese 
to carbon for improved notch toughness* is easily ex- 
plained, assuming only that that fraction of manganese 
is effective which is dissolved in ferrite. With an in- 
creasing carbon content, an increasing amount of manga- 
nese will be bound into carbide (Fe, Mn),C, and owing 
to respective depletion of ferrite from manganese the 
notch toughness will fall. 

As has been described in detail above, cleavage frac- 
ture in ferrite is strongly promoted by interstitial 
atoms, e.g., carbon and nitrogen, due to their segre- 
gation around dislocations, and due to the interaction 
between dislocation and the cluster of atoms around 
it. The fact that the rise in the transition temperature 
caused by carbon in normalized, i.e., “self-aged,”’ iron 
carbon alloy is accentuated with increasing carbon 
content up to 0.03%" is comprehensible, since this pro- 
motes the completeness of Cottrell clouds formed dur- 
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ing air cooling. The diffusion of carbon is furthered by 
an increase in the amount of carbon in solid solution, 
and by an increase in supersaturation. Further addi- 
tions in carbon over 0.03% only increase the amount of 
carbide in the structure without essentially influencing 
the transition temperature. 

It must be kept in mind that the influence of inter- 
stitial atoms is closely dependent upon the condition 
of the metal, Cottrell clouds disappearing as a result of 
straining, as, also, annealing at an appropriate tem- 
perature with subsequent quenching. However, strain- 
ing exerts other slip-inhibiting effects, and the effects 
of both treatments are not permanent, but will be 
annulled by aging. Consequently, in keeping the 
transition temperature as low as possible, straining 
ought to be prevented; or if that is not possible, the 
strained metal ought to be subjected to annealing or 
normalizing. 

Normalizing seems to have a beneficial influence on 
notch toughness, as is apparent from the results of the 
Lehigh University tests related in Fig. 3. While an- 
nealing at 620° C drops the transition temperature of 
strain-aged aluminum-killed Steel A-201 to —10° C 
only, it is caused to drop down to —65° C by normal- 
izing from 870° C. The interpretation of this differ- 
ence, however, is not easy, the steel in question being of 
commercial quality with considerable amounts of 
alloying and impurity elements, e.g., with 0.53% of 
manganese. Possibly the dissimilarity in the mode 
of formation of ferritic grains, and/or in the temper- 
ature of this formation, results in differences in the 
segregation of particular alloying or impurity elements, 
and, accordingly, in the delay time for slip. 

It is reasonable to expect that the rise in transition 
temperature, caused by interstitial atoms, may be pre- 
vented by such alloying elements as in some way hinder 
the formation of Cottrell clouds. In principle, this 
may occur in several ways, depending upon the prop- 
ties of the elements in question. Strong carbide form- 
ers, e.g., may be thought to bind tightly carbon atoms 
into the carbide, thus preventing the formation of 
Cottrell clouds during cooling, or aging. Likewise 
they will not allow carbon atoms to be transferred 
from carbides to the surroundings of dislocations, which 
transfer probably is necessitated by the formation of 
Cottrell clouds in sufficient completeness for pure strain 
aging. 

As was stated above, many alloying elements, when 
present in small quantities, may segregate at the grain 
boundaries and thus indirectly affect the properties of 
ferrite. Oxygen, e.g., in amounts of 0.003% only, will 
enrich during grain growth at grain boundaries to such 
an extent that it will cause intergranular brittleness, 
which phenomenon was ascertained by Rees and collab- 
orators™ in iron containing less than 0.01% carbon. 
The fracture once initiated intergranularly propagates, 
probably due to accentuated notch effects, mainly by 
cleavage, which partly explains the higher transition 
temperature of rimmed steel when compared with killed 
steel. The rise of transition temperature was accen- 
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tuated in materials which after normalizing had been 
slightly strained and annealed at 900° C, with result- 
ing large grain size (0.1—-0.55 grains per mm). Because 
retained at such high temperature as 900° C, instead of 
carbon segregations that will disappear at least at 
700° C, oxygen segregations seem to be rather stable. 
They, therefore, probably prevent the precipitation 
of carbides at the grain boundaries and at strongly dis- 
torted regions in the ferritic lattice during quench 
aging, with resulting formation of finely dispersed 
carbide precipitation throughout the lattice. The 
great changes in the mechanical properties which are 
caused by quench aging in rimmed steel may thus be 
explained. In the presence of aluminum, however, 
separate Al,O; inclusions are formed, at least at low 
temperatures, resulting in a disappearance of the effects 
of oxygen segregations in killed steel. 

The oxygen-rich grain boundary zone in rimmed steel 
naturally contains, apart from oxygen, also iron atoms. 
Therefore, the segregated zone will not essentially 
hinder the migration of parent atoms through the grain 
boundary, or, in other words, it will not inhibit the 
grain growth. The ferritic grains may consequently 
grow large (up to 0.1 grains per mm) during annealing 
in spite of the fact that the transition zone between the 
grains must have been saturated with oxygen much 
earlier, as evidenced by the occurrence of intergranular 
fracture in normalized materia! (4.5 grains per mm) at 
low temperature."* Intergranular brittleness in nor- 
malized material shows further that oxygen atoms are 
keeping pace with moving boundaries of ferrite grains, 
not only during ordinary grain growth, but, also, when 
ferrite is formed from decomposing austenite. 

On the other hand, when the segregated atoms occupy 
positions of parent atoms, the grain boundary migra- 
tion is esentially obstructed, grain growth coming 
nearly to a standstill when the transition zone is satu- 
rated with foreign atoms.” At the same time, the dis- 
locations in the lattice are surrounded by atoms which 
release only hydrostatic stresses in the distorted zones, 
having no influence on the delayed yield.** In addi- 
tion, assuming that substitutional segregations hinder 
the formation of interstitial ones, which alone promote 
the occurrence of cleavage fracture, the good notch 
toughness of fine grained steel may be explained. 

At such high temperatures where the segregated 
atoms disperse throughout the lattice, the grains will 
grow large and dislocations will be liberated from sub- 
stitutional segregations. During cooling, or aging, the 
interstitial atoms, owing to their high rate of diffusion, 
may segregate at the grain boundaries and around dis- 
locations, resulting in an increasing tendency to frac- 
ture by cleavage, typical for coarse-grained material. 

The above scheme is naturally rather arbitrary and 
rough, but it shows that the indirect influence of grain 
size on the brittle behavior of steel may be caused by 
segregations in one phase. A detailed treatment of 
the problem is, however, difficult owing to the multi- 
tude of possible segregations, and because of phase 
transformations involved in the process. 


We.pine ResEARCH SuPPLEMENT 


if 
3 
gle 
a 
if 
4 
a 
= 
: 
a 
ta 


ACKNOWLEDGMENTS 


The experimental results in this paper represent some 
tests conducted by a student of Technical Physics, 
Eero Suoninen, for the degree of Dipl. Engineer at 
the Vuoksenniska Steel Works, Imatra, Finland. The 
author wishes to express his indebtedness to Mr. 
Suoninen, and to the Direction of the Vuoksenniska 
Co. for the permission to publish the results in question. 


References 


‘Report of Ship Structure Committee,” Tan Jovenat, 
30 , Research Suppl., 169-s to 181-8 (1951) 
Thielsch, H., “Strain Aging of Pressure Vessel Steels,"’ [bid., 30 (6), 
Research Suppl., 283-s to 290-8 (1951) 

3 <ahn N, A., and Imbembo, E. A., ‘‘Notch-Sensitivity of Ship Plate- 
Correlation of Laboratory-Scale Tests with Large-Scale Plate Tests," Sym- 
posium on Deformation of Metals as Related to Forming and Service, 
ASTM, Philadelphia, 1948, p. 17 

4 Roop, R. W., ‘Teste of Ductility in Ship Structure,"’ /bid., p. 4 

5. Kramer, J. R., and Maddin, R., “Delay Time for the Initiation of 
Slip in Metal Single Cc rystals,’ ’ Trans. AIME, 197, vol. 4, no. 2 p. 197-203. 
(February 1952 

6. Vanderbeck, R. W., and Gensamer, M., “Evaluating Notch Tough- 
ness," TRE We pine Journat, 29 (1), Research § , 37-8 to 48-8 (1950). 

ér, 8. S., Stout, R. D., and Johnston, “Room Temperature 
Tensile Tests as an Index of Transition Te muperatere ‘of Steel Plates,"’ Ibid., 
29 (9), Research Suppl., 477-s to 483-s 

8. Boardman, H. C ‘Interpretive Report, Fabrication Division, Pres- 
sure Vessel Research C ‘committee, Ibid., 29 (9), Research Suppl, 422-8 to 
432-s (1950 

9. Harris, W. J., Rinebolt, A., pe ar R., “Discussion” to the 


paper aeeaten under Reference I, Ibid., , Research Suppl., 405-s to 
407-8 (19 
10 Schaub, C., “Brittle Fracture in Mild Steel,’ Report on 4th Inter- 


national Mechanical E ngin@ering Congress in Stockholm, 1952, 5 


11. Bruckner, W. H., “The Micromechanism of Fracture in the Tension 
Impact Test, Supplementary Report No. Tae We.pine Jounnay, 30 (9), 
Research Suppl., 59-s to 469-8 (1951) 

12. Gross, J. , and Stout, R. D., “The Effect of Microstructure on 
Notch Part I,”’ Jbid., 30 ( id), Research Suppl., 48l-s to 485-8 


13. Bruckner, W. H., “The Micromechanism of Fracture in Tension 
Impact Test,” [bid., 29 (9), Research Suppl., 467-s to 476-3 (1950) 

4 Tipper, Cc. F., ‘Digcussion” to the paper indicated under Reference 
13, [bid., 30 (5) Research Suppl., 256-s to 257-8 (1951) 

15. Allen, N. P., Paper in the 8y mposium on the “Influence of Low Tem- 
peratures on the Mechanical Properties of Metals,"’ Jbid., 30 (11), Research 
Suppl, 573-8 to 5 4-8 (1951) 

16. Rees, W , Hopkins, B. E., and Tipler, H. R., “Tensile and Impact 
Properties of he ‘and Some Iron Alloys of High Purity, Jnl. Iron Steel 
Inst., 169, 157 (October 1951) 

17. Cottrell, A ‘Effect of Solute Atoms on the Behaviour of Dislo- 
eations,"’ Report of C onference on Strength of Solids, London, 1948 p. 30 

18. Holden, A. N., “Dislocation Collision and the Yield Point of Iron 
Trans. AIME, vol. 4 no. 2, 182-188 (February 1952 

19. Cottrell, A. H., “The Yield Point in Single Crystal and Polyecrystal- 
line Metals Symposium on Plastic Deformation of Crystalline Solids 
Mellon Institute, Pittsburgh, 1950, p. 60 

20. Cottrell, A “Theoretical Structural Metallurgy,’ London, 1948, 


21. Nabarro, F. R. N., “Mechanical Effects of Carbon in Iron,” Report 

of Cc onference on Strength of Solids, London, 1948, p 38 
22. Cottrell, A H., ‘Theory of Dislocations,’’ Progress in Metal Physics 
I, London, 1949, p 77 

23. Harper, S., “Precipitation of Carbon and Nitrogen in Cold Worked 
Alp ha izes, Phys Rev., 83, 709 (1951) 

Thielsch, H., Physical and Welding Metallurgy of Chromium 
Stainless Steels," Tae Wetpine Jovrnat, 30 (5), Research Suppl., 209-s to 
250-s (1951 

25. Masi ng, G., “Streckgrenze bei weichem Stahl irch 
Eisenhattenw., 21, Heft 9 10, 8. 315 

26. Gruhl, W Die eines ‘Kaitverformung auf Aushartungs- 
fahigke it von weic *hem Stahl,’ lbid., 23, Heft 1/2, 8. 39 (1952 

27 Nabarro, F. R. N., Institute of Metaiz, Seceaesiens on Internal 
Stresses in Metals and Alloys, 1948, p. 245 

28. Felmley, C. R., Hartbower, C. E., and Pellini, W. 8., “Effect of 
Cooling Rate on the Aging of Structural Steels,” Tae Weivinc JourNa 
0 (9), Research Suppl., 451-s to 000-s (1951) 

29 liekk-oja, H M., “Segre: gation of Iron and Phosphorus at the Grain 
Boundaries in 70:30 Brass During Grain Growth,"’ Jnl. Inst. Metals, vol. 80 
Part 10 p. 569-576 (June, 1952). 

30 Allen, N. P., ““Discussion”’ to the paper indicated under Reference 
16, Jnl. Iron Steel Inst., 170, 244 (March 1952 

31 Austin, J. B., Paper in the Symposium on Influence of Low Temper- 
atures on the Mechanical Properties of Metals, Tar Weiptne Journat, 30 
(11), Research Suppl., 573-s (1951 


(Continued from page 492-8) 

reports of value to the fabricators and users of all 
kinds of pressure vessels. These concentrated efforts 
have resulted in the development of a wealth of in- 
formation on the behavior of steels as made by different 
deoxidation practices, deleterious effects of the strain- 
ing of steels associated with temperature or time and 
how these effects may be overcome, the manner in 
which steels which are ductile at ordinary room tem- 
peratures become brittle at low temperatures, and how 
brittle failure may be avoided by the selection of 
suitable steels, together with utilizing better design 
and workmanship. Other subjects have dealt with 
heat treatment effects covering preheating vessels 
before welding, amelioration treatments by post- 
heating, the influence of corrosive environments on 
cracking and how they may be controlled, proof testing 
of vessels and a host of other problems. The damage 
done by fabrication procedures is no longer guesswork ; 
many factors can now be assessed and controlled. 

One of*the most troublesome features in pressure 
vessel design has been stress concentrations involved in 
abrupt changes in sections and stresses as, for example, 
at junctures of heads to shells, supports and reinforced 
openings. Formulas in use by code-making bodies are 
largely empirical. Exact knowledge has been obtained 
for several of these fields; the remainder will be in- 
vestigated in the second phase of the Pressure Vessel 
Research Program. 

The actual rate of expenditure by the Committee 
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has been less than $75,000 a year, with contributed 
researches on the part of industry amounting to an 
additional $100,000. It is estimated that the total 
cost of pressure vessels in this country is about $400,- 
000,000 per year. 

The new program will be primarily concerned with 
the development of information which will enable the 
Committee to recommend to the Boiler Code Commit- 
tee circumstances under which higher design stresses 
may be permissible. This will undoubtedly require 
the use of higher strength steels. One of the most 
important problems is that presented by the fact that 
during the useful life of a pressure vessel it may be 
subjected to cyclie loads, that is, repeated strains or 
stresses varying in intensity up to and over the yield 
point of the material in places where there is maximum 
concentration of stress. Naturally, a body such as the 
Boiler Code Committee, which is concerned with the 
safety of life and property, will not permit the use of 
higher design stresses unless ample evidence is furnished 
as to their safety. Investigations of this type are 
expensive. Therefore, the Pressure Vessel Research 
Committee is developing specimens and apparatus for 
determining the fundamental laws and basic phenomena 
through the use of small economical specimens. Re- 
sults of these small scale tests will be checked with 
larger scale specimens, model vessels and eventually 
with full-size pressure vessels subjected to cyclic loading 
more severe than they will encounter in actual service. 
New fabrication procedures will have to be checked 
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Stress Concentrations in Steel 
Under Cyclic Load 


Discussion by Wendell P. Roop 


The author has indeed stated a “fundamental prob- 
lem of fatigue in engineering structures. . . not. . . 
treated so far.” May I ask whether he will assent to a 
paraphrase of his statement that will give it even 
broader scope and, to me, clarify meaning? 

It has been my understanding that when cyclic 
loading is long continued the response of the steel 
may be quite different from that in a standard tension 
test in which‘ load is progressively increased without 
even partial release (monotonic loading). Whatever 
the details of what happens among the crystals, the 
mechanical fact is that cyclic loading long enough 
continued may result in fracture even though the load 
at no time has approached the limit at which, if mono- 
tonic, it would notably deviate from linear proportion 
with deformation, or, if: once released, would leave 
notable permanent set. 

This phenomenon was early related to the presence of 
“stress raisers’’ on the surface of the specimen or model; 
the techniques of production of parts of machines 
subject to such loading included the reduction of such 
stress raisers by surface polishing, or by ball peening. 
Even after such treatment, however, it still remained 
true that fatigue fracture could occur at loads well with- 
in elastic limits. This was what gave endurance 
strength its distinctive character and justified the word 
“fatigue.” 

Whether there is a true endurance limit or not, I am 
not sure; what is sure is that if the amplitude of cyclic 
load is increased, endurance suffers, fatigue is hastened, 
the S-N curve rises. There is room for this to occur 
to some extent within elastic limits and the fact that 
it does so can be recognized without going into any 
reasons for it. Presumably the nature of the phenom- 
enon remains much like that at the endurance limit 
with small modification. Quick running machines not 
intended to last forever can be designed for a higher 
load-amplitude, but the benefit of surface treatment, 
I believe, still remains. 

Beginning about 1936 we at the Material Labora- 
tory, Brooklyn Navy Yard, recognized that the phenom- 
enon described had no great significance for ships’ 
hulls and we began to look into what happened to 
welded structures assembled by production methods 
when given cyclic loading that carried even the nominal 
stress above elastic limits. We had no way to esti- 
mate the intensity of the stress peak at the apex of a 
production notch. We concerned ourselves with ex- 
tending the S-N curve to high S and low N. The 
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ultimate in this direction was the '/, cycle of the mono- 
tonic load in the standard tension test. 

As I recall, we were unable to fit the ultimate tensile 
strength of the “static” test to the S-N curve and the 
disparity was in favor of the cyclic load. For a moder- 
ate number of cycles our test structures withstood 
higher loads than would be indicated by drawing the 
S-—N curve through the spot at '/, cycle taken from the 
standard tension test. 

A number of reasons for such a fact might be 
imagined, but among them strain hardening and aging 
and the divergence between the load-elongation curve 
and the true stress-strain curve would certainly figure. 

The author’s intention, as I now wish to paraphrase 
it, is to offer a theory explaining high-stress low-cycle 
endurance phenomena by reference to the “‘static’’ true 
stress-strain curve. 

When the paper is viewed in this light, some further 
questions occur to me. (1) The stress-strain curves 
for cyclic and for monotonic loading seem not to be 
completely identical. In the next-last paragraph of 
Section 10 the author speaks of ‘the stress-strain 
curve for cyclic loading.”” The curve in Fig. 2 is un- 
like those monotonic curves in which a stage of “ideal 
plasticity” (strain at constant stress) intervenes before 
the onset of strain hardening. Ts the course of the 
curve in Fig. 2 schematic and hypothetical? Or, if it 
has an experimental basis, what is the nature of the 
experiments by which it is demonstrated? Does the 
cyclic curve have the same parabolic form as the mono- 
tonic curve? If so, how do the strain-hardening ex- 
ponents compare? 

(2) When the monotonic curve deviates from the 
straight line of slope equal to Young’s modulus, the 
amount of this deviation equals the permanent set 
on release of load. But since at this stage (less than 
half way through the first cycle) the metal has no way 
of knowing whether the load will or will not be cyclic, 
how can the curve so far depend on that future choice? 

(3) FE, now, instead of reversing the load, we simply 
re-apply it after release (“repeated loading’’) it is 
commonly observed in model structures that the curve 
of release is simply retraced, and that its slope is con- 
stant and nearly equal to Young’s modulus until, by a 
short transition, it resumes the course of the flow curve 
at deformations exceeding the previous maximum. 
On a ship’s hull the primary load (as caused by waves) 
is of moderate cyclic amplitude, superposed on a mean 
value which varies with lading of cargo or ballast. 
Occasionally the cyclic amplitude is greatly increased, 
but the high values are irregular. They-bring the 
action into the category of the author’s upper curve 
in Fig. 6, in which “there can be no plastic deformation 
after that produced by the first maximum.” But 
soon a new “first maximum”’ occurs, perhaps followed 
by others. Fracture, if and when it comes, seems al- 
most certain to begin at one of these first maxima. 

Is this situation better represented in the laboratory 
by simple monotonic loading, by an increasing series 
of “static” loads followed by a full release, or by an 
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intense endurance load aimed at locating a high spot 
at the left end of the S-N curve? Or must all the de- 
tails of a Goodman diagram be brought into the calcu- 
lation? A large amount of experimental work has 
been based on the first of these alternatives. If the 
results of that work can be corrected by reference to 
the quasi-cyclic nature of service load on a ship, a 
method of making such a correction would be most 
useful, 

Some additional features of the paper may be given 
further comment. There is risk that the italicized 
words in Sec. 2 may be paraphrased (“reduced to en- 
gineering instead of scientific terms’’) as follows: 
“plastic action has no effect on stress and therefore 
has no importance.”’ Surely the author would not 
approve such a paraphrase, but it is important that the 
limitation on his own statements (“the few simple 
assumptions about the shape of the stress-strain curve, 
etc.”” mentioned just above Fig. 14) be made more 
explicit. What follows is partly conjecture on my 
part, but if wrong, perhaps I may hope to be corrected. 

The first assumption explicitly stated, but worthy of 
emphasis, is that plastic regions are so small that de- 
formation of the whole body is sensibly equal to the 
elastic deformation that would exist at the given load 
if plastic strain had not occurred. For notched wide- 
plate specimens this is a very severe restriction. The 
standard */,- by 12-in. specimen, if unnotched, would 
reach its yield point at about 250,000 lb. But in pres- 
ence of the notch, elongation at this load is tenfold 
the elastic value and an incipient crack is visibly 
present. 

Perhaps it is my monotonic concepts that confuse 
me. At the first cycle, say of repeated load, let us 
suppose plastic regions to be large enough to increase 
deformation under a given load, or to cut down load at a 
given deformation, by a notable amount, as compared 
with elastic conditions. In subsequent repetitions, 
says the author, ‘deformation of the body as a whole 
will decrease by strain hardening if the range of the 
load cycle is held constant” (Section 2). This is a 
special feature of cyclic behavior with which I am not 
familiar, and which seems to have no parallel in the 
monotonic case. 

The restriction in Section 3 to infinitesimal plastic 
regions seems, somehow, in Fig. 2, to have the conse- 
quence of reducing the case of constant load amplitude 
to one in which constant amplitude of strain is accom- 
panied by stress which rises at each cycle toward a limit 
at the same value as if the body had been purely elastic 
from the beginning. This phenomenon is basic to the 
whole analysis. It is first explained in terms of alter- 
nating load, but in Section 4 is taken over into the case 
of repeated load, or even into that in which the mean 
(tensile) load exceeds the amplitude, as in Fig. 5. 
It is only in the absence of complete alternations, 
however, that the “interesting possibility” of shake- 
down can be explained in terms of the present theory. 

“Shakedown” is an old and respected word in ship- 
yards and 1 have always understood it to refer tq the 
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process by which the various parts of the ship were 
exposed, in course of the varied loads of service, to 
local stress maxima not later to be exceeded. At points 
where this involved yielding of the metal, strain harden- 
ing raised the local strength suitably. It is an old 
story that a certain member which had to be drifted 
into a fit before riveting, was removed and replaced a 
year later without the slightest forcing. Everything 
that is going to break does so during shakedown, after 
which the ship finds itself. If it is necessary that the 
stress cycle be not one of complete reversal at any 
given point to achieve this result, it appears that 
Providence looks out for it, for shakedown is a real 
and benign fact. 

Also the case of a notch, rather than of a surface 
film of plastically deformed metal, is the more signifi- 
cant one for hull structure. This is treated by the 
author as a derivative or corollary case, namely, that 
of ‘stress inhomogeneity,” but the italicized words of 
Section 2 seem to carry over into the corollary, Let 
me say again that I hope no one will be tempted by 
those words to write off the importance of ductility 
in ship steel. 

The basic question for ship structure can now be 
restated, in the light of the analysis contained in the 
present paper, with a better chance for an answer than it 
had 15 years ago when fatigue in hull service was first 
studied experimentally. The question is this: how 
is the resistance of the structure to later and higher 
maxima of load, at the latest and highest essentially 
monotonic, affected by previous fatigue? 

Seldom has there been so clear a statement as at the 
tenth line above eq. 1 of a hypothesis which I believe 
to be nearly correct, and very useful: “fracture occurs 
when a critical value . . . of the total absolute plastic 
strain is reached.” Is this assumption limited in its 
correctness to cyclic as opposed to monotonic con- 
ditions? 

The discussion of size effect touches a matter which I 
believe to be crucial for monotonic as for cyclic loading. 
Here again, while we must accept the repeated re- 


striction of the author’s comment to the case of cyclic, 


loading, yet there is a zone of overlap with the mono- 
tonie case which needs more study. A beginning at 
this has been made in Section 9 and in Fig. 15 we see 
fracture occurring midway in the fourth cycle. The 
danger of accepting over-optimistic results of tests of 
small specimens in predictions for large structures 
(Section 8) exists also in the monotonic case. In ships 
we are struck with the dilemma that, among ships safe 
by small specimen tests, some break while most do not. 

The graphic treatment which is a prominent feature 
of this paper is very successful in explaining detailed 
results of cyclic loading. Is it too much to hope that 
we may have a more detailed extension of the method 
to the case of non-cyclic or few-cyclic loading? 


Author’s Reply 


I am grateful to Capt. Roop for directing attention to 
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several important points which, in order to save 
space, I did not treat in detail. 

Fatigue failures can well occur below the conventional 
“elastic limit’’ which is defined as the stress below which 
plastic deformation does not exceed a certain arbitrary 
limit. There is every reason to believe, however, that 
no fatigue can take place without some plastic defor- 
mation, although this may be confined to a very small 

fraction of the volume, so that it may be practically 
impossible to detect it by macroscopic methods of strain 
measurement. 

As Capt. Roop says, the point that corresponds to 
the so-called “ultimate tensile strength’ does not fit 
into the S-N curve. There is, in fact, no reason why 
it should. The points of the S—N curve represent 
numbers of cycles after which fracture occurs at various 
stress amplitudes. The “ultimate tensile strength,”’ 
on the other hand, is no strength at all (i.e., no frac- 
ture stress): it is merely the conventional stress at 
which the tensile load starts to drop and necking 
begins. Any theory that leads to curves on which 
the “ultimate strength” occurs together with points 
corresponding to fatigue or other types of fracture 
(such as the Goodman diagram) can be rejected without 
further examination. 

It is an interesting question whether failure in mono- 
tonie (direct) loading is directly related to failure in 
cyclic loading. The answer is probably “no.” Ductile 
fracture of the cup-and-cone type is known to require 
the presence of a triaxial tension developed by the for- 
mation of a neck; Bridgman has shown that such 
fracture can be postponed or avoided by the super- 
position of a hydrostatic pressure that neutralizes 
the transverse tensions. Thus, a necessary condition 
of the cup-and-cone fracture is not present in the usual 
fatigue test. Brittle fracture also is essentially differ- 
ent from fatigue fracture: in steels, it occurs along 
the cubic cleavage plane while the typical fatigue 
crack usually starts along an operative slip plane 
which never coincides with a cube plane. 

By “stress-strain curve in cyclic loading” I meant 
the (slightly zig-zagging) curve that represents the 
stress as a function of the total absolute strain for a 
given individual type of cyclic loading. It differs 
from the stress-strain curve in static (monotonic) 
loading by the presence of the Bauschinger effect 
which causes it to run at lower stresses. For the first 
quarter cycle, monotonic and cyclic stress-strain curves 
are identical; they begin to differ when, after the first 
stress reversal, the Bauschinger effect makes its ap- 
pearance in the cyclic case. 

Whether the monotonic stress-strain curve becomes 
horizontal at large strains depends on the type of strain 
used. If this is the linear or the logarithmic strain, 


the curve is bound to become horizontal; it retains 
its finite slope, however, if the abscissa of the curve is 
the reduction of area. The curves in my paper are 
meant to embrace moderate strains only; they are, 
in addition, purely schematical and serve to make the 
geometrical relationships clear rather than to approxi- 
mate the stress-strain curve of any individual metal. 


When I treated the case of vanishingly small plastic 
volumes (with reference to Fig. 1), I did so for the sake 
of simplicity in order to emphasize the essential fea- 
tures of the phenomenon and omit nonessential com- 
plications. If the plastic regions are too large to be 
negligible in their effect upon the distortion of the body 
as a whole, the calculation is modified in a way that is 
easy to visualize, while the essential features of the 
process remain the same. It is equally easy to adapt 
the method to the case of constant strain amplitude 
when the plastic volumes are not negligible and so 
constant stress amplitude and constant strain ampli- 
tude do not coincide. 


The circumstance that, with increasing number of 
cycles, the plastic strain tends toward zero in a small 
plastic volume embedded in a mainly elastic body 
under purely alternating load is seen directly from 
Figs. 2 to 4. However simple, this conclusion is not 
directly obvious without the mathematical considera- 
tion embodied in these figures. 


Capt. Roop’s remark concerning ships brings up a 
very interesting question. The typical failures of 
ships’ hulls are due to brittle fracture which apparently 
has nothing to do with fatigue. However, the well- 
known instances where brittle failure must have oc- 
curred under a stress far lower than those which the 
hull has previously withstood raise the question whether 
the brittle failure may not have been initiated by a 
fatigue crack. In particular, riveted seams used as 
“crack arresters” in welded ships seem to arrest the 
crack only for a short time; after this, new cracks are 
formed at the riveted joint and the brittle failure 
of the hull progresses. Crack formation by stress cor- 
rosion (static corrosion fatigue, dependent only on the 
total time of stressing but not on the number of cycles 
applied) cannot be excluded but it seems more likely 
that the cracks are formed by cyclic fatigue under 
high stress after a relatively small number of cycles. 
The initial crack in welded ships may well be a welding 
crack, too small to be detected initially, but spreading 
through fatigue until the critical length for brittle 
fracture is reached. This possibility is worth keeping 
in mind: it shows that crack inspection after welding, 
however careful, may not eliminate the danger of brittle 
fracture unless the working temperature is always 
above the transition range for the material used. 
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ANACONDA 


With Welding Reds 


Weldone Welding Associates 
use ANACONDA -997 
(Low Fuming) Bronze for 
braze welding textile machinery 


and general repair work 


Weldone Welding Associates are located in this sub- 
stantial shop in Charlotte, N. C. There Mr. Locke has 
additional reason to prefer AnacondA-997. Its low 
fuming quolities are important to the comfort of his 
welders. 


“I can’t recall any job in my experience,” claims Dale 
Locke, enthusiastic owner of Weldone Welding Asso- 
ciates, “where bronze pulled apart. It’s faster, has greater 
penetration, a lower melting point and better free- 
flowing qualities.” 

Mr. Locke’s thriving business serves an area within 
a 50-mile radius of Charlotte, N. C., and 90% of his 
repair work is on cast iron. For this work ANACONDA-997 
(Low Fuming) Bronze Rods cost less because they 
flow better and therefore give more welds per rod. In 
his opinion they also give faster, better welds with less 
flux than competitive rods. In the Weldone shop, 
bronze welds — despite their high tensile strength — 
can be easily machined. Less preheating is required in 


braze or weld with confidence 


this shop lives up to its 
name — and cuts costs! 


Glenn Hipps, left, shop foreman, stands by approv- 
ingly as Dale Locke, owner, braze-welds small gas 
tanks for chain saws. Mr. Locke points out that welds 
made with AnacondA-997 successfully withstand the 
vibration of these saws 


repairing castings. ANACONDA Rods flow before such 
castings as cylinder heads and motor blocks get hot 
enough to warp or crack. 

Weldone buys AnaconpA Welding Rods from 
National Welders Supply Company in Charlotte. Dale 
Locke’s jobber salesman is himself a practical welder 
and contributes helpful welding suggestions. You, too, 
will find experienced service available from your own 
AnaconnA Welding Rod Distributor. For practical ad- 
vice on welding problems in your shop consult him 
..-and for the latest information on welding procedures 
write today for free Publication B-13 to The American 
Brass Company, Waterbury 20, Conn. In Canada: 


Anaconda American Brass Ltd., New Toronto, Ont. 
62170 
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500 psi hydrostatic pressure tests, 43% 
higher than usual test requirements, are 
standard procedure with Pyrene extin- 
gvuishers before leaving the production 
line (high pressure tests of 1000 psi show 
no breakage). 


Semi-automatic Heliwelding of type 301 
stainless steel is a high-speed operation 
at the Pyrene Manufacturing Co. of New- 
ark, N. J. Here, jig-mounted stainless 
steel cylinder bodies are longitudinally 
weld-seamed at 90” per minute. 


Finger-tip controlling two No. 10 Radia- 
graph arms, one operator simultaneously 


Heliweids two 1000 psi pressure-tested 
end seoms in 41 seconds. 


HELIWELDED PYRENE FIRE-STOPPER — Discharges 
an easily directed 40-foot stream. The new stain- 
less steel gas-cartridge-operated Pyrene Water 
Type Fire Extinguisher eliminates two important 
fire protection problems... annual recharging 
and the danger of working with acid . . . and its 
price is comparable to older soda-acid equipment. 
Pyrene’s answer for meeting the cost problem? 
Lighter weight equipment, stronger-made with 
Airco’s semi-automatic Heliwelding process. 
Why? Because Heliwelding, with its inert gas 
shield, eliminates the need for flux. No slag is 


formed, welds are exceptionally strong and clean. 
Gas shielded electrodes provide a highly concen- 
trated arc permitting high-economy production 
welding with a minimum of distortion. 

If you’re welding thin sections of the “problem” 
metals, stainless steel, aluminum, on a production 
basis, Airco Heliwelding can help you. Find out 
how from your nearest Airco office. Please address 
Advertising Department, 60 East 42nd Street, 
New York 17, N. Y. for your 
copy of ADC-709: Heliwelding. 
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